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PROJECT 13

IDENTIFICATION OF CERTAIN CURRENT DEFENSE
PROBLEMS AND POSSIBLE MEANS OF SOLUTION

SUMMARY AND RECOMMENDATIONS

Introduction

On July 8, 1958, the Advanced Resesarch Projects Agency, with the
spproval of the Secretary of Defense, asked the Institute for Defense
Analyses to set up a Study Work Group, Project 137, ". . . to identify
problems not now receiving adequste attention where sciexlme can con-
tribute vitally to national security and to reconmend sgreed technical,
and perhaps organizationel, means for the solution of these problems."
Twenty-three scientists took part in the work of the group during the
three-week period, July lith - August 2d4. Through the active coopera-
tion of the Office of the Secretary of Defense and the Army, Navy and
Air Force, the group heard outstending presentations by responsible
men on defense problems selected for their urgency. As a result of
these presentations and their own discussions and calculsations , the
members of Project 137 meke the foliowing recommendations: (U)

A. AREAS ONLY SLIGETLY DEVELOPED IN COMPARISON TO
THEIR CONCEIVABLE APPLICATIONS TO DEFENSE

A-1. Chemical Sensing

Techniques exist to detect and identify specific substances at a
distance with fantastlc sensitivity. These techniques can he grestly

improved. Important military spplications can be visualized,

S e~ R E 'T IDA-ARPA S5-1
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such as determining types and numbers of machines in the vielnity, new
types of fuels in use, humen concentrations, and getting z.a,dvaﬁ‘ce warn-
ing of CW and BW attack. An intensive survey of the field should be
made. Assuming that it confirms the promise as now seen, recommende.-
tions should be made for research within existing government lsbora-
tories and for contracts to wniversities and research foundations. As
promising leads develop, a more concerted effort should be made to

bring them into practical epplication by agencies yet to be defined. (8)

A-2. Informstion Trensmission by Chemical Sensing

Coded puffs of radic_:activity or chemicals emitted into the atmos-
phere by a “"transmitter" and detected by a "receiver" offer means (1)
to transmit coded messages that are obliterated beyond specified dis-
tances and (2) to gain new information sbout micrometeorology. Both
applications should be given sttentlon by the person or agency that

intensively surveys the whole field of chemical sensing. (8)

A-3. Fuel
Fuel and the fuel supply line interpose massive obstacles against
the high mobility demanded by nuclear warfare, and give powerful moti-
vaticn to 'produce fuel on the spot. The ultimate system -~ not feasible
today -- would use small mobiie nuclear reactors to generate fuel from
air or water, or regenerate a deactivated fuel, for driving the vehicles
in the vieinity. BSuch a system might cut down the fuel supply problem
by an order of magnitude. With this aim in view, an appropriate agency

should (1) seek out the most advanced thinking at AEC laboratories and
-2 -
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elsewhere.on small mobile nuclear reactors suitable to generate hydré-
gen from water or regenerate deactivated electrochemicsl fuels, (2)

take a new look at liquid hydrogen as a fuel for existing engines,

"(3) work towards conceptual design and evalustion of a regenerativa
electrochemical fuel or other advanced fuel system by gtimulating
relevant advanced fhinking and work on (a) reactor technology, (b)
enerey storsge, {c) electrolytic cellz, (&) electrochemical fuel genera-
tion, and (e) fuel utilization. This should be accomplished through
whatever steps are needed in the way of confefences, work-study groups,

arrangements with government lshoratories and outside contracts. (S)

A-k. Transmission of Energy through Space

Some encouraging work has been done on electromsgnetic and other
methods of transmission of energy through space, and ideas sre in cir-
- culation for more basié approaches to this prcblem. It is perfectly
conceivable that one or_another of these spproaches will have a vital
application such as: supply of power to forward combat locations;
opefation of drones for recomnaissance or for brute blockiné of ballistie

nissiles; or destruction of targets on the ground or in the air. (s)

In view of the fundamental impbrtance of a workable system of
energy transmission, the present status of this field of work shouid
be thoroughly reviewed, a work-study conference should be called to
generate ﬁew ideas and to arrive at a first assessment of the sreas
most promising for future work -- particularly work of s truly

-3 - IDA-ARPA S-1
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pioneering character -- and steps should be taken to support suc_:h work

and capitalize on it.

A-5. Atomic Collision Cross Sections .

Intensive AEC support of nuclear cross-section measurements has
given for atomic nuclei a wealth of data essential for design of nuclear
devices. No similar wealth of reaction cross-section data is available
for the much c¢lder field of atomic and nuclear physics despite its much
wider field of application: to commmications systems; to missile nose
cone physics; to plasma engineerivg; to controlled thermonuclear re-
actions; and to chemical reactions in gases. It is recommended that an
appropriate agency sponsor a program for the study of atomlc collision

eross sections. (U)

A-6. Mattcr under Exceedingly High Pressure

Recent work discloses that some non-metals take on metallic char-
acterisiies at uwltra high pressures. quther forward-looking work in
this field may open a whole new realm of sclid state physies and physical
chemistry, with conceivable applications to new types of high energy
fuel compounds, and is therefore worthy of support by an appropriate

agency. (U)

A-T. Intense Masgnetic Fields

There is evidence of substauntial Russian activity in the area of

o . . . S . . A
intense magnetic fields. If strong fielas 2L 10° gauss can be achieved

-0 IDA-ARPA S-1
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this will have important sciéntific and technological consequences.
A symposium on this topic should be arranged soon in order to enlarge
the very small number of scientists in the Western world active in

this area. (S)

A-8. Formation of Concepts out of Data, and Systems Reliability

A military action is under way. Information comes in of many
kinds and of quite varlable relisbility. Neither in this instance
ner in general does any electronic computer, present or planned, know
how "intelligently” to formulate significant concepts and conclusions
out of a massive volume of information, most of it irrelevant and
part of 1t erroneous. It is a matter of great importance to many
aspects of national defense to develop a theory for the formation of
concepts under such circumstances, and for the construction of a
reliable system out of unreliable components. An arpr . ~+e agency
should sponsor advanced work in =his field by one or more conferences,
by contracts, end by such new computation laboratory facility as seems
eppropriate; and should systematically survey the field for urgently

important defense applications. (S)

A-9. ARPA and the Social Sciences

The development of more and more weapons systems does not con-
tribute towards the solution of basic soeial and policy problems;
rather these developments create new problems. The pay-off from con-
tributions that can be made by social science may be greatly in ex-

cess of that derived from more hardware development. Hence social
- 5 -
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scientists should be brought into defense problems much more than is

now the case. Progress could be made in this directlon by selecting
for ARPA support certain fields already recommended as highly important
by the Subcommittee on Social Sciences and by the Ad Hoc Advisory

Group on Psychology and Soeial Sciences of the Office of the Assistant

Secretary of Defense for Research and Engineering. {u)

A-10. Military Exploitation of Basic U.S. and USSR Differences

Differences not 6nly_in political idéology'but also in the
physical, economic and social setup'distinguish the U.S. from the
Soviet Union. It should be investigated which of these differences
can be exploited to our advantage; for exampls by the design of
veapons systems which are most disadvantageous for the Russlans to
counteract; for exsmple, by 1mposiné a heavy economic strain in psar-
ticularly vulnerable sareas or exploiting the long winters in Russia.
There is strong recason to believe_that a systematic exploration of
this area could yield surprising new ideas. It is recommended that

an appropriate agency sponscr a work-study group in this field. (8)

B, ENVIRONMENT ANALYSIS

B-1. The Physical Enviromment of Milltary Operations

All weapons systems depend on the physical envirconment in which
they are to be used. It is not sufficient to know the weapon alone,
it is necessary to broa@en and despen our knovledge of the respective

environment. This is particulariy true regarding space, the oceans,
-6 - IDA-ARPA S-1
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and radiological fallout. We know too little about the upper atmosphere
and sbout propagation of =lectromagnetic radjation in space. Many
weapons systems under discussion now depend vitally on an increase of
our knowledge of these matters. Similar observations apply to the
oceans, the ocean floors, and meteorulogy internal to the ocean. The
instrumentation for fallout in the hands of the Army and Civil Defense
is inadequate and 80 is the knowledge of the common men about how to
use it. ARPA is urged to pay great attention to this whole complex

of questions. For this purpose ARPA might well consider sponsoring

many of the functions of the IGY. (S)

B-2. Radiological Mapping and Combat Survslllance

In future conflicts battlefields will have to be surveyed not
only optically, but radiologically. While systems are prcposed for
this purpose, they are tce complicated and do not give information to
the local commander of spall waite. v is possible to introduce fairly
crude, but cheap and simple instrumsnts with which even platoon or
company commanders can determine radiatiou levels and thereby guide
their men safely. Stfqu emphasls should be giver in current planning

to radiological mapping and combat surveillance. (8)

B-3. Statistical Data to Plan Fallout Associaied with Use of Atomic
Weapons by Army G:ound Forces .

How to lay down tomorrow a desired pattern of fallout is inm-
portant for an arca commander Just as it is important for loeal com-

manders to know how to lead their troops safely through today's

ST - ' IDA-ARPA S-1
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battlefield radioactivity. An sppropriate egency should sponsor research

on:
. 8. The statistical variations of winds -- in time, distance,
and altitude -- about the wvalues indicated on the kind of measuring
equipment that will be used in the field; and on the correlations among
such variastions;
b. The planning of measurements for this purpose; and
c. How to use the results to tell what the military commender

can do reliably sbout securing a desired fallout pattern. (8)

B-k. A Radiation Detector for Field Use

A simple method is recommended for quick conversion of field radios
to superimpose occasional Geliger counter clicks on the normal receiver
signal so that compesy coummanders and possibly platoon commanders will
be lmmediately and automaticaelly warnad of a da.ngeroﬁs increase in

radiation level. (C)

B-5. Military Gecphysics

The Depertment of Defense has & vital stake in metecrology and
other fields of military gcophysics. Techniques to prediet in combat
zones like Kores whet.'hef the second vaiiey over is fogbound or will
be fogbound in four hours would change the outcome of engagements.
The present unsatisfactory state of military meteorology is & reflec-
tion of the retarded and narrqw ‘scope of unclassifield meteorological
research. An appropriate existing agency sbould consult with Lloyd

Berkner, and others closely associated with advanced thinking in this
-8 .
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field, to determine what should be done %o produce an order of magnitude
improvement in the present level of forward-looking research in this

field and in the amount of young talent attracted to it. (C)

B-6. Detection of Submarines through Surface Effects

Besides the efforts to detect ships and submarines acoustically,
electromagnetically, snd chemically, more attention should be given
to the mechanical disturbance of the water by the propeller action.
These disturbances persist for a long time and it should be possible
to measure them by sulteble instruments. Even deeply-submerged sub-
marines may produce measurable diffusion of "whorls" to the water
surface. BStudies of the mechenical properties of the sea now in progress
should ba closely watched and ARPA should be prepared to lepd further

support. (S)

C. PROJECIS AND APPLICATIONS

C-1. Balloon Attacks and Other Non-conventional Weapons

Very high-flying balloons, ecarrying megaton weapons, could be
used by Russia against this country. They could be released in
Siberia or by submarines orn the Pacific, their bombs fuzed with
infrared to go off over our cities. Even when shot down (difficult
and expensive), the weapon can be set to go off at any chosen alti-
tude. This is the Japanese ballcon scheme of World War II with a
vengeance. It is easier for Russis to use it against us than vice versa.

-9 - IDA-ARPA §-1
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It is an illustration for the possi‘billt.y of ron-conventional v.seé of
exleting weapons, a r.nuch neglected field. Sabotage, _cla.ndestine opera-
tions against SAC, and other possi‘biiities belong in this area which
shuuld be quickly and most thoroughly explored with ell the aid sclence

can offer, through work-study groups and other effective means. (S)

C-2. Development of Breeder Reactors

The tremendous demands for nuclear power make it necessary for us
to learn how t0 burn all rew materials: not only U-235, but also U-238
and Th-232. The development of breeder reactors, especially for manu-
facture in large numbers, is exceedingly difficult. Not enough energy
is being devoted to this problem. The importance of nuclear reactors
for the long term future of the fuel logistics problem (A-3) requires
that a much greater effort bLe made to develof breeders based on both

uranium and thorium. {S)

C-3. Undersea Eeacons

The great need for communication from deep-lying POLARIS submarines
to the 'continental U.B. can possitly be filled by undersea high-power,
unattended acoustic beascons. The submarine would commnicate to the
beacon at low inteusity, thzreovy programming and triggering a high-
inténsity output from the beacon. Undersea beacons could also be used
for navigational purposes, ﬁy submarines or surface vessels. The
beacons can be powered by thermal energy derived from fission products
such as Ce-1bii now available in sufficient guantities in the Hanford

~ 10 - IDA-ARPA S-1
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and Savanneh River plant wastes. A conceptual analysis of such beacon
systems should be made by en appropriste asgency with a view to trial

use. (C)

C-l. NAUCRATES DUCTOR, a Very Figh-Speed Hydrojet Torpedo

A high probability to kill enemy submarines would be provided by
& number of nuclear-powered torpedoes covering selected sweep paths at
high speeds, equipped with sonar search, homing, and other devices.
For this reason, it is recommended that an appropriate agency seek out
the most advanced thinking at AEC national laboratories and elsewhere
on ultracompact reactors and make preliminery conceptual design studies
of a 100-knot to 250-knot hydrojet torpedo with a view to early initiation
of further supporting investigations and svaluation of a weapons system
built on such torpedoes, for an antisubmarine shield sbout the U.S. and

for other military purposes. (S)

- 11 - IDA-ARPA S-1
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D. Continuing Identification of Imvortant New Problems

The rapidiily of sclentific advance and the dangers of the present
international situstion demand a decisively mew mechanism to promote
contact between the Department »f Defense and the ascientific community.
A winimum response to this need is a program or work-study groups
like Project 137 at regular intervals, to identify unappreciated and
important applications of science; and other more specislized short:-
term groups to exploit the possibilities of specified arens of science.
For this purpose it is recommended that ARPA set wp a Center for
Defense Research Work-Study Groups. It is also suggested that ARPA
consider how far it might be reasonsble to encourage such e Center
to evolve towards an Advanced Security Research Institule, where
scientists might go on leave of shsence from wilversities, industry
and the DOD laboretoriss togethsr witu operavional military personnel
from the DOD in an atmosphere of study o contribute imaginatively
tc netional strength in & free rapging mannery without committing
themseives in advaace o any specifie xind of projesct, after the
pattern of the Institute for Adveaced Study lonsted at Princeton, New

Jergey. (U)

- 13 - IDA-ARPA S-1
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CREATION OF PROJECT 137

The Advanced Research Projecte Agency came into existence by
Directive 5105.15 of the Department of Defease, issued in accordsnce
with Public Law 85-325(-7) of 12 February 1958, with two missions:

(1) to cariy out resesrch and development work on such projects as are
asslgned to ARPA by the Secretary of Defense, and (2) to recommend to
the Secretary of Defense such additional projects as are jJudged

advisable.

In accordance with the first mission, ARPA was assigned in the
spring of 1958 responsibility for space technology, advanced missile

defense systems and chemistry of propellants.

In accordance with the second mission and with the approval of
the Secretary of Defense, ARPA on 8 July 1958 asked the Institute of
Deiense Analyses to set up a Work-Study Group, Project 137, "to identify
problems not now receiving adequate attention where science can contri-
bute vitally to national security and to recommeund sppropriate technical,
and perhaps organizational, means for the solution of these problems

and for the cntinuing identification of iwportant new problems.”

In enticipatinn of this formal directive IDA had eppointed a pro-
gram committee a few weeks earlier. Beginning on 4 June this committee
and Dr. Herbert York, Director of the IDA Advanced Research Projects
Division, extended invitations to a selected group of widely known

- 15 - IDA-ARPA 5-1
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scientists to participate in this work for the three-week period --

"1h July - 2 August 1958.

The final group {Appendix D) included the leader of the group
that dej;ected the neutrinoc; associate directors of research of two
large corporations and of one major AEC national lsboratory; an
expert in differential equations; en aerodynamicist; the economist
whose writings revolutionized the concept of optimal strategy; leaders
in the chemical separation of plutonium, in physical chemistry, and
in the development of antimalarial drugs; workers in advanced areas
of theoreticel physics and elementary particle physics; the statistician
who initisted the wlitra lightweight DAVY CROCKETT atomic weapon; and
the leading expert on nuclear reactors, recehtly president of the
American Physica_l Society. All had previously had contact with phases
of national defense. In addition to these 22 members from outside
Washington the group included four experienced members from the centers
of science-defense planning of the three srmed services and from the
Office of the Assistant Secretary for Research and Engineering. The
majority of the 26 participated for the full 3-week period. All

members were cleared for access to Top Secret material.

The National War College, Fort McNair, Washington, D. C., housed
the work of Project 137: briefings in the moraings; discussions, study
of reports, calculations and writing in the afternoons.

- 16 - IDA-ARPA S§-1
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THE BRIEFINGS

" More lmportant to the wo;k of the group than any other siagle factor
were the outstanding presentations of urgent issues made to it by serious
and responsible men. It cannot be stressed too much what a powérful
impetus it gave to Project 137 scientists to hear from men who kqow and

care deeply about defense problems. \

d

To assist the program committee in focusing the efforts of the
group, the services made a Pirst selection of issues, coming to & total
of 68. TFrom these the program commnlittee made a second mich narrower
selection for the final briefing program {Appendix D). The total number
of problems of deep concern to the services is obviously much moré,tﬁan
a single work-study group can review for unappreciated applications of
sciences in a single three-week period. Project 137 can, therefore, be
regarded as a single sample well drilled into an enormous and ever-groving
oil field. The output gives an accidental and rsther hit-or-miss
measure of the much more still underground. Great areas went unexaminedg

’

The group was regretful about the many outstanding presentations alreadyi'

>

worked up for Project 137 for which it wae impossible to make time in a (!‘

Ty
Progra:m properly proportioned between hearing and working. if}
. 3 i
Speakers with many other heavy burdens aceepted with good will the ¥ ;_
crﬁptic advancé advice, "Stimulate group to invent ideas and identify *
issues Important and challenging enough to serve as nuclel about which =

- 17 - . IDA-ARPA S-1 -



subsequent scientific work camn concentrate. . Commmnicate intense motiva.
tion about important problems. . Purpose not to hear all problems under
control, will be solved in short time, only need more money. Tell what
causes fesponsi‘ble peopie-sleepless nights... (Seek) not 10% i@gévémenés
on existing ideas but entirely new developments, Informal ~- much oppor-
tunity for interruption and discussion. ...A briefing is a success if
the problem it posed 1s thereafter every afterncon the center of intense

analysis by a knot of participants.”

Some presentations, at the request of the program committee, con-
centrated on military problems to which technical solutions are desired
and others concentrated on technical work in progress or technical prob-
lems. The group ves impressed with the great amount of high-quallty work
presently going on at many servi_.e leboratories and associated agencies.
The impression could not be escaped that thg_ deientific community repre-
sented by the Department of Defense has great ability and a scope that
far transcends the subject matter coverage of any university or any

industrial laboratory.

Many members of Project 137 were deeply disi;urbed and others even
shocked by the gravity of the problems with which they found themselves
confronted. These men in muter constituting less than 1/4000 of
Anerica's scientific éomnnmity have been stimulated to intense activity
by what they heard. The opinion is unanimous that briefings of fhis hiéh
caliber -~ plus back-and«forth discussion -- recorded on film and sound
track and replayed to carefully selected groups from universities, industry
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end Jefernse and other national laboratories would do much to direct atten-
tion and productive output from less urgent issues to problems more im-

portant for the national security.

Under the impression of the problems presented, aud from a study of
many of the documents made available in the lit cary, the group has
developed a strong feeling for and deep apprecistion of, the great crisis
with waich the nation is faced. The group senses the repidly increasing
danger into which we are inexorsbly heading. In our view the crisis shows

up in all fields: militery, scientific, economic, and social.

Among issues in the defense picture, the briefings pointed up the
following as being particularly important:

&. The extraordinary technical difficulties of detecting,
identifying and destroying enemy submsrines. This gives added signifi-
cance to our own POLARIS system which, however, to the group’s concern,
is still beset with many problems of its own and is Judged by many with
whom the group talked to be planned on too small & scale.

b. The need for a jem-proof world-wide military commnications
system, capeble of issuing completely relisble orders, particularly for
two-way underwater communieation.

¢. The high degree of development in Russian radar equipment,
exceeding ours in several instances, ae disclosed by the .bservations
of the Navy's "big Gish" radic telescope (one of the most promising

Americen detection devices).
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d. The corplexity of & dual capsblility of the Army for nueclear
and conventionsl war, The tactical and strategic problems of this two-
fold capability are clearly unsolved. The logistic difficultles are also
not overcome. Those generated by the enormous fuel demands and very
long pipelines are the most outetanding. The mobility of the Army 1is too
low for the type of dispersed engagements that have to be expected, de-
spite all the efforts made to improve it.

e. The need for realistic reappraisal of policies, including
public information, on chemical and biclogical warfare -- presently e
seemingly forbiciden toplc.

f. Local air defense of military targets is not being exploited
es fast as appears possible even with present budgetary limitations.
Local defense of civilian targets is being pushed but in view of the fall-
out problem will be of little value. The peossible interference between
the present NIKE batteries and offensive SAC operations during an atteck
on this country has not been solved.

g. The high degree of vulnerability of SAC in spite of efforts
made to decrease it.

h. The rising power of Russia in scientific, technological and
military affairs. Not only did the group learn sbout en already existing
superiority in many arees of individual weapons, 2.g., tanks, missiles,
and electronic equipment, but in other areas it was found that our present
adventsge was rapldly being overcome. The group was also disturbed by
the approximately two-to-one advantage of Russien research, development
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and production leal times.
i. The complete abasence of any passive protection of the

eivilien population.
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REMARKS ON RECOMMINDATIONS

Confronted by problems of such scope and & very limited time,
the group concentrated on ways science can help, pushing aside all
questions of stretegic snd management and financial analysis as
lying outside their directive and outside their working interests.
The final sﬁbjeet-matter recommendetions fall into three grcoups in
the S&mmary and Appendices.

A. Areas of advanced research {(A-1 to A-10), such as

chemicel sensing and redically new types of sisctrochemical cells,
wnich at present are only slightly developed in comparison to thelr
conceivable applications to defense.

B. Envirormental analyses (B-1 to B-£): broad and already

familiar fields of research, such es meteorclogy, which impinge
vitally orn military ections in importent weys and should <herefore
be vigorously supported and imsginatively wonitored for petentis
militery applications. In the same class telong oceanography, g«o-
Thysics and materiels anelysis, the group felt, but Projzeot 137
made no formal rgcommendation to this effect because of imsufficient
time tc consider these cuestions in any detail.

C. Projects and epplications (C-1 tc C-5), such as BASSOON

and NAUCRAIZS DUCTOR, which already suggest fairly specific military
aysvems and which for the most pari can probsbly be best handlied

through existing defense agencies by & project type of organization.

- 2t - IDA-ARPA S-1




It may well be that a few of the recomrendations made by Project
137 are not new, despite efforts made to check on work currently in
progress. It m#y even turn out that one cr two of the ideas are
already being pursv.. energetically and Imaginatively in projects
of which the group is not aware, The history of sclence is well
nown to demonstrate that praciically no idea is ever completely
new, However, it also shows, &8 for exaxple in Mendel's discovery
of the laws of inheritance, that several decades may scmetlimes
elapge between the moment when a new idea is conceived and the time
it is put to use. The group conceived its function was, not to
make more discoveries, but, %o helr shorten the intervel between

discoveries on hand and their application.

Tc bring about the recommended new developments in many cases
the group has suggested specialized work-study groups of limited
size end of duretlon ranging from a week to several months, 2s
appropr.ate. No procedure is known wkich can secure in peacetime
ths same combination of specielized knowledge, cutstending ahility,
active imagination, judgrment, and intense motivation. The pre-
sumptive sponsor in many cases would be ARPA, in cther caseg other
appropriate agencies of the DOD. The follow-up (work in defense
laboratories, cutside contracts, steering committee, review of
results for immediately important applications, project organizétion)

would be expected to be the responsibility of the sponsoring agency.
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CONTINULNG IDENTIFICATICN OF IMPORTANT NEW PROBLEMS

The group was asked to recomuend means for the continmuing
identification of important new problems - arsas whers science
can be used in urapprecieted and vitel ways to strengthen the

country,

The tremendcus technological chenges already made as well as
those coming fast up over the horizon make it difficult for the
services to adapt themselves to these develorments. In their
efforts constantly new, unexpected scientific problems are en-

countered, ranging over all the sciences.

Many of these touch oxn such fundamentsl issues that the con-
tinuing assistance of scientists fully femiliar with the very

latest progress of their discipiines ia required,

Methods must be found that go well beyornd <he existing types
of contact apd interaction between the IXD and the scientific
community. The group has considered possille ways to provide a
mechanism. Its principal aim weuld be, oo the one hand, to
introduce scientists not now working on defense Problems into these
areas and on the other to give scientifically trained military
officers of the three services and scientists ﬁnxking in defernse
laboratories an opportunity to bring their vast experience to

bear on the selection and study of the Problems to Te answered.
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Two mechanisme receive? muck attention from the group. One,
2 Certer for Defense Research Work-Study Groups,; would provide:

&. A very small but highly ccompetent stef? to take
the major burden of handling clessified scientific work-study
confererces for ARPA and other defense agencles.

b. Secure meeting rooms for sver—changing groups of
limited size, nearby work rooms, end places o eat, walk and slesp
without going cutside the guarded aree, snd surroundings under
whose influence it is & pleasure to work. Such a place does not
now exist in the Waghington erea. To provide such a plase would
make it possible for & groupr to do substentlally more_in a limited
time, as witness the outsteanding Gordon Resgearch Conference.

c. A good emali working livrary of clessified and
unclassified reference materials.

d. Simple computation facilities.

e. Proximity tc an excelleat library and tc & ualversity
with excellent departments of science.

f£. Fecilities for reproducing unclessified end classifiled
meterials.

&. Contact office in ARPA to deal with flow oI in-
formetion and reports, clearance for visits, and scheduling of
visits.

h. Proximity to Washington so responsible Washington
people can contribute with the same effectiveness from vwhich Project

137 benefitted.

-5 . TDA-ARPA S-1




i. Operation by such an agancy as & xon-profit defense
research organization of higk standing or the llational Academy of
Seiences to guarantee to the Center a cottimuing prestige among
scientists, among the services, and service laboratories, so that
anycre invited to take part in the work of The group can consider
it an horcr to be eble to come.

J. An ever-changing program of gpecializ&d worke-study
groupe in response to ldentified needs.

k. A regulerly programmed xepetition every six months

of something with the scope and problem idemiification responsidblility

of Project 137 ag & minimel response to a pregsing need.

The other mechanism, an Advanced Security Research Institute, would

&. Include the Center for Defense Research Work-Study
Groups aad perhaps evolve out of that Center.

2. Provide a place where scientists can go con leave of
absence from universities, industry and the DOD laborastories to-
gether with operatiorel militery personnel from the DOD in an
atmospbere of study to contribute imaginatively tc neticnal strength
ir a free-ranging memner without ccmmitting themselves in advance
t¢ any specific xind of project. Tke Princeteon Institute for
Advanced Study would serve as & model.

<. Consist of members and visiters. Both groups would
be clesred and mich of the work would be classified. The nine or
more members would have terms from perhaps 1 to 5 years, would
be selected from a variety of fields, and would assist in planning
problem identification meetings like Pivject 137 and otherwlse
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search for new applications of science and solutions to urgent
problems of defense.

d. Provi&e a center Por visitors coming for periods
from & month to & year elther sent by defense laboratories and
other institutions under arrangements mutually agreeable to all
three parties or otherwise invited to participate.

e. Have for foundstion of its wo.k ready access to
informetion and briefings by the DCD and the scientific community.

£, Conduct such seminars as seem appropriate; serve es
a free merxet place of ideas with much of the student teacher
relaticnsalip; possibly promote and edit a classified journsl
comrmon to the area of science and defense.

g. Have appropriate computers but minimsl laboratory
facilities.

k. Have nc contrect award functions, have no supefvisory
function, have no assigned tasks, have no responsibility witna
respect to national sclence policy, be no plece of reference
for organizationsl questions. Its daily grist would be the
technical provlems of sciernce and defense; i+ wouid be a full-
time activity.

1. Provide = means to expcse high scientific talent, not
now occupied with defense activities, to defense problems, without
diverting telent permanently from the pressing basic research needs

of the USA,
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43 between the Center and the Institute opinions in the group
were divided. However, nc question existed that a decisively new
mechanism must be found to promote clecser contact between the DOD
and the scientific Commmity. It is the feeling of the group that
& Center for Defense Research Work-Study Groups, or scrething
like it, is a minimm response, and that efforts should be mede
to move as far beyond it in the direction of an Institute as those
more familiar with patioral science policy deem wise. ARPA has
the power to bring the much-needed new activity into operation,

ard ought to move prempily to do 80-
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A-1. CHEMICAL SERSING

Introduction

The ability to identify airborne or waterborne chemical species in
extremely low concentrations would be a powerful asset for both military
and civil goals. It is difficult to visualize aay natural or man-made
process which does not put some kind of "signal" into the air in the form
of a few (or many) molecules or atoms which mey be characteristic of that
particular process. Hence the possidbility exists for diagnosing activi-
ties of various kinds at a distance. This preoposal is simply to
stimulate basic research in selected areas yet to be determined with
the aim of pressing existing analytical tools to their ultimate sensi-
tivity and, if possible, to devise new specific methods. There is no
single system for chemical analysis, so it is unlikely that any single
technique will be applicable tc problems of a wide variety. However,
a few suggestions will be given merely as illustrations. It will be
seen that none of these approaches is new but nevertheless with adequate
incentives for understanding there is resson to believe that new and

important results can be obtained.

Illustrative Examples

We may start by recalling biological systems. It is rather well
established that the olfactory sense detects and identifies specific sub-
stances with fantastic semsitivity. The male gypsy moth can detect the
female by olfaction over a 2-mile range and it is estimated that only

Appendix "A"
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1,000-10,000 molecules of some substance per cubic centimeter of air is
the signal. The olfactory sense of a wide variety of animals, including
fish, seem to be similarly acute. Briefly stated, it would be of great
interest to understand how they do this, and to make use of the dis-
covered principles either by using biological systems as detectors or
by devising artificial systems employing these principlee. There has
been rather diffuse effort ocn this problem over the years dut most of
the results have simply described the phenomenon, and only a relatively
small amount of research has been directed toward a fundamental

understanding.

Modern instrumental techniques which determine characteristic atomic
and molecular dissociation and vibration frequencies have revolutlonized
meny areas of chemistry. Under the generic title "spectroscopy" one
thinks of infrered, vacuum ultraviolet, microwave; and still other forms
of molecular probing; which have great sensitivity by previous standards.
“In a molecular beam some molecules can be detecisd with a sensitivity
of one per gecond,; with the result that observatior of a few thousand per
second is easy" (Zacharias). It is highly likely that several of these
methods can be pressed to a sensitivity much higher than presently
achieved. It might also be mentioned that we do not keow but that
existing techniques are glready adequate for obisining certain infor-
mation of value. For example;, we have learnsd that the Chemical Corps
is already employing infrared spectroscopy to obtain advance warning of
certain "nerve gases".
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It did not seem worthwhile tc the members of Project 137 to try to
think of other approaches themselves because in the time available it
was lmpossible to cope with the breadth of this problem. An analogue
might be mentioned showing what has been done in another field where
sensitivity end selectivity are inherent qualities. The radiochemical
analysis of atomic bomb debris carried through the air halfway around
the world has resulted in very detailed diagnosis of weapon type, yleld,
materials of construction, and so forth. If one could devise chemical
identification of nonradiocactive substances with anywhere near this
sensitivity, it is not hard to visualize important applications; for
instance: types and numbers of mechines in the vicinity, new types of
fuels in use, advance warning of CW and BW attack, human concentrations.
It might also be mentioned here thst the general problem of chemical
sensing has alresdy been considered briefly in the DOD Report of the

Ad Hoc Group on Atmospheric Electricity, RD 299/13 (15 Dec 1956).

Specific Recommendations

Some person or sgency shculd survey the present status of this field
in order to formulate the following.
a. Definition of techniques of high sensitivity and
specificity.
b. Catalogue of research already in progress bearing on the
problem.
¢ Research workers who could contribute to a future program.
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d. Specific applications of interest to Department of Defense.

Based upon the results of the survey, reccumeandations sghould be made
for researc:h within existing government laboratories and for contracts
to universities and research foundations, and for a conference for the

exchange and stimulation of ideas.

As promising leads develop, a more concerted effort should be made

to bring them into practical application by agencies yet to be defined.

A list is given here of aress of sclence and technology vhere ome

might turn for imformation om this problem:

Chemoreception in insects Y. G. Dethier; Johns Hopkins
and otber animals BE. 8. Hodgson; Columbia

A. J. Haagen-Smit, Cal Tech
Insect repellents and Stanley Hall, USDA, Beltsville
attractants
Mclecular spectroscopy Many people in many laboratories
Air polution problem Center of much fundamental work

in Los Angeles area

Micrcchemistry B. B. Cunningham; Univ. of Calif.

I. Perlmsn
R. M. Joyce
C. S. Marvel
F. Wall
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A-2, INFORMATION TRANSMISSIOE BY CHEMICAL SENSING

Two kinds ofninformation cau be secured by chemical sensing:
(1) the concentrations of specified molecular species at a given
instant ¢f time and (2) how this concentration varies with time.
A fev of the many conceiveble apolications of (1) have already been
mentioned. Observetions of the time wariation (2) can also be
visualized to secure information from foe or friend; for example,
to count the number of enemy vehicles passing a given polnt; or

to receive sigoals from ome's own forces under specisl conditions.

To give eo illustrative exsmple, imagine a radioasctive material
vhich is emitted in discrete coded puffs from a "trapgmitter'. The
"receiver" is s rsdiation deitector; say a Geiger counter. This system
of information tramsmission could obviously b= generalized by emitting
simultenecusly two or more types of radiocactivs substances, and pro-

viding the detector with epergy discrimination.

The information go traxsmitted har the ususual feature that it
is washed out by atmospheric mixing after passage over a certain
distance, which can be adjusied by verying the length of the

individual puffs.

The anelysis of this lose of coherence, or information ~ontent,
is & problem interesting om two zouwts. (1) more information about
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the mixing process would agsist in the first conceptual analysis of

8 puff-type information trensmission system; (2) the study of the
diffusion and convection of individual puifs of radiocactive or
chemical tracer: would add to our understanding of micrometeorological

Processes,

Specific Recommendations

As part of the task of the person or agency that first surveys
the field of chemicel sensing as & whole, attenmtion should be given
to puffs of rediocactivity and chemicels (1) as a way to trangmit
coded messages that ars obliterated beyond specified distances and
(2) a8 & means to increese wnderstending of micrometesrology. For
thie purpose it would be appropriate to sécure the assistance of
an imeginative expert wall recommendsd by Dr. Harry Wexler, U.S.
Weather Bureau - Dr. George Shortley, Fort Datrick, Frederick,

Maryland, or Frofessor Sutton, consultent to Fort Detrick,

F. Reikes

Appendix "A"
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A-3, FUEL

The presentations we heard laid heavy stress on the burden of
supplying fuel to military operations at advanced locations. The
Americen army advancing across France into Germany consumed 400,000
gallons a day. In Korea fuel constituted over 55 per cent of the
logistic losd. The army of the future, planning on nuclear warfare,
mast and doee seek a mobility higher than ever before. Against
achieving such mchility the demands of fuel and the fuel supply line

interpose massive obstacles.

No technical problem of the modern army has higher priority,
nor offers a greater challengs to sclemce acd technology, than

fuel supply.

No solution of the fuel problem is acceptable which does not
recognize the many military requirements on the many kinds of vehicles
that are going *o use the fuel. It 138 evident that petroleum fuels
have g2y virtues. Apy alterusataive must be at least equivalent
operationally. In addition, it must reduce the logistic load if

it is to merit consideratioe for geuersl field use.

From the evidence available Lo uz in a curswey review it appears
that there is vigorous and imaginstive research in progress on many
facets of this preotlem in both industrisl and government laboratcries.
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However, we believe that new scientific principles must be developed
through pioneering research before fuel logistics can be substantially
simplified. That this point is recogmized shows in the suppcrt of
research on such a subject as free radicals, and work on fuel cells
for direct conversion of chemical energy to electrical power. We
believe that the importance of the fuel problem demands continued and
increasing support of resgearch in such designated areas of science and

technology.

To be able to generate fuél locally rather than ship it in
would be a great step forward. We do mot see how to do thie, but we
can see directionz of investigation that might wltimately open the
wvay to such s locglized fuel system. The systeuw would be centered
about mobile power supply units, such as moblile nuclear reactors.
The reactors would produce fuel for the use of vehicles in their
locglities. From thie point on the sy~tem would differ accordingly
as the fuel is buraed or merely degrsdsd to an energy-poor form
that would later be regenerasted at opme of the power sources to the

original energy-rich form.

The comrusztion type of system would be dasigned to gemerate
fuel from locally accessible and universal raw materials: air or
water. This system would lead to fuels such as ﬁydrogen peroxide,
methancl, or hydroges {gas or liquid). We made contact with
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promising secret NACA experience on driving jet planes with liquified
hydrogen for fuel (RME 57F l3a, -14, -19a and related NACA reports).
We found that the storage tank weight relative to the fuel weight is
no more for liquid hydrogen than iz is for gasoline. We were in-
formally advised by NACA workers that the same fuel can probably be
used without great difficulty in existing reciprocating engines such
as drive most ground equipment. Practical experiments withk such
equipment modified to liguid hydrogea fuel nave not come to our
attention and deserve consideration. The techniques for gimple safe
use of liquid hydrogen have mede epormous strides since 1952; giving

occasion for & fresh look at this fuel for use with existing wvehicles.

Among regenerative fuel systems perhaps the grea%est long-term

interest attaches to an approach that is not feasible by today's
technology: electrochemical generation of fuel - preferably generstion
of a pair of liquid rsactants. A and B, out of a liquid or solid
degradate C. Vehicles would trade in C woen being tamked up through
separate ports with A and B. FNo chemicsl fusls would be brought

into the axrea of hostilities. In case of protracted oreratioms it
might be nercessary to bring in nsw fissile cores for the nuclear
reactors used to regenerate the chemical fuel. All wehicles would

be powered by electric motors. In this compection; it ie interesting
to note that some modern <57 - 1v.ng squipment (Le Tournean -
Westinghouse) has four-vhesl electric drive.
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There ie no reason to believe that a practical electrochemical
fuel system, if it can te developed, should be limited in application
to the high priority goal of military mobility. Civilian application
might be forced by rising costs of conventional fuel for motor trans-
port. In such an application the filling stations might lock
familiar but the fuel they sold might for the most part be regenerated
locally. Tne electric power for thie purpose would come from

stationary nucliear reactors suitably spaced over the country.

Four vital facts stand out about electirochemical energy:
a. electric drive has unique simplicity, reliebility and
flexibility;

b. morile reactors ran rsgenerate electrochemical sources;

)

. pound for pound =lectrochemical sources can store as
much energy as gasoline; and
4. thisz stored epergy can be converted into power at the

wheels with an =fficiency much higher than the corrzesponding efficiency

for gasoline.

The cectral problem is the electrochbemical cell. Despite great
improvementz. today's 2=lls;
&. BIt 1NG heavy,
b. have &8 100 low curreal capacity.
Intensive development work has gone on and continues to go on., but its

goals are improvemcui:= of 8 faw per cent, nnt radically new approaches.
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Such approaches demand quite a new kind of research. A4s H. K. Ziegler
has remarked, "Extensive research in the field of electrochemical
kinetics could be expected to yield valusble results. Moreover, only
a small number of the possible variety of electrochemical systems

have yet been investigated."

Among poiats worthy of special investigation would seem to be
the following:

a. Systems powered by liquid electrochemical reactants.

b. Pnysical mechanisms for securing large reaction surface
and yet preventing irreversible combination of the reactants (emulsi-
fication with organic separator films; bubbles; technigues familiar
from flotation processes in mining; cavitation; jets of one liquid
going into amother; barriers).

¢. Tme fundamental theory of the maximum rate of nearly
reversible electrolysis that 1z, in principle, possible. From this
theory one would se#k to determine the bsaic physical parsmeters

with which sdvanced cell defign should copcern 1tszelf.

Specific Recommepdationsg

An appropriate agancy should:

a. “ask out the most advanced thinking at AEC laboratories
and elsevwhere on how small apd how mobile it may be conceivable ten
years hence to coustruct electric power generating reactors with a
view to conceptual analyeis of sp advanced fuel generating system.
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b. Seek advanced thinking on what & reactor could do if it
were designed for production of hydrogen at the optimum rate directly
from water rather than via electrolysis;

¢. Ir the light of this information and experiements on liquid
hydrogen powering cf existing equipment; determine under what special
conditions, if any, a hydrogen-fuelled system might make sense;

d. D=termine what individuals and institutions are in the

best position to contribute radicaelly new and imaginative ideas to

the theory and design of electrolytic cells; and

e. Take vhatever steps are needed in the way of conferences,
work=study groups, arrangements with government laboratories and
outside contrscts to stimila‘e the gencration of worthwhile advanced
ideas on:

(1) reactor technology;
(2) energy storage;
(3) electrolytic c=lle;
(4) electrochemical fuel geasration; and
(5) fuel utilizaiion
and to forward work on them, loosking Towards the concepiual design and

evaluation of a regemnerative eleac frochemdcsl fusl or other advanced fuel

system that might drastically cut down the fuel supply problem.

v

Joyze
. Marvel
erlman
Wall
. A. Whealer

M.
. 8
F
T.

& o= O kg
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A-l. TRANSMISSICN OF ENERGY THROUGH SPACE

The group heard of work in progress on electromagnetic methods of
transmission of energy through space, intended for destruction of either
ground targets (River Styx Project) or incoming missiles (Project Cindy).
Other motivations are also obvious for seeking means to tresnsmit energy
through space: to supply power to forward combat locations; to opersate
reconnaissance drones; and 0 sustain swift high-altitude dromes for
blocking ballistic mieslles. It would be as difficult to catalog all
the applications of a practical transmission system as to try & hundred
years ago to list all the uses of electricity. At thig point one can

only pass the Judgmeat, "potentially extremely importaent.”

To look at applicstions, and to seek to reach them primarily by
pushing existing approaches to the limit; may very well lead to very
wvorthwhile advances. Howaver, if past histery 1s any gulde, it would
appear that the chances to turn up something new and promising would
be increased by alsc locking into fundamental pripciples snd examining
nevw conceptual combinationg without trying to wvisualize any specific

gpplication in sl1l detail.

Little time was available to review the well-Known fundamental
principles or to look intc new combinations. Therefore; the fcllowing
comments are offered oply as & limited survey of the field of energy
transmission, to highlight soms of the challenging questions and to
suggest a few directions in which effort might prove especially worthwhile.
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Electromagnetic Radiatioun

Electromagnetic radiation is a reasonable basis for a system of

energy transmission:

a. the principles of propagation are well understood;

b. the radiation can be transmitted to great distances and
directed;

c. the technology of generating radiation has had considerable
development;

4. electrical circuits offer a more flexible technique for
handling power than do any other known methods.
For transmission over distances between 1 km and 20 km the gbsorption of

the atmosphere affects the choice of wave length as shown in Table I.

Taple I

Wave Lengths, A Transmissible in the Atmosphere
Below the lonogpbhere. Figures calculated from
tables in "Propagation of Short Radic Waves"
edited by D. E. Kerr, McGrav Hill Book Compsany,
New Ynrk, 1951.

50 per cent loss 10 per cent loss
permissible over permissible over
1 km path {3 db/km) 20 km pa

(2 x 107 db/km)

Cleaxr weather trans-
mission sufficient A2 0.18 cm {but not A% 2 cm; alsc
in the immediate optical and near
veighborhood of 1/4 cm infrared
and 1/2 cm); also
optical and near
infrared

All weather traps-
mission required A7/ 1 cm A7/ 8 cm
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At greater distances the meteorological complicationé of the atmosphere
make proper beaming of the energy increasingly difficult even when the
path of transmission runs more than 100 meters above the ground layer

of air. Beaming also demands a narrow diffraction pattern and, therefore,

a sufficiently large antenna (Table IT).

Table 11

Minimum Diameter, D, of Transmitting and
Receiving Anteunas of Equal Sizes and
Uniform "Surface Emissivity” Required to
Reduce Additional Losses by Diffraction
Below the Specified Upper Bound.

Condition 50 per cent diffraction 1C per cent diffraction
ioag st 1 km loss st 20 km

5 x 10-5 cm {vizitle} D = 4 cm D - 1m

clear weathner A =z 0.18cem, D 2m > = 2cm D= 200m
A lcm, D:5m A2 8cmy D=hi0Onm

Note: AlL D values ars rough estimates.
The effective area of the two antennas ran, in principls, be decreased
below the indicated limi*s by a design that does not assume uniform flux
of high frequency turi2nt over the antenna surfaces. The optimum design

depends upon the kind of criterion of "effective area" that is relevant.

A fantasticslly high upper limit igs set tc the power density that
can be transmitted by reason of the hreakdown strength of air for static

fields, of the order of 30,000 volts/cm:
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(surface density of power emission)

(velocity of 1light/87r ) (100 electrostatic volts/cm)A
13

= 10 ergs/cm2 sec

1 megawatt/ et

The actual limits esre substantially less than this figure due to the
frequency dependence of breakdown field strength. However, the power
levels that are in principle atiainable for antennas of reasonable

size are in any case enormous.

A radiative output of 1 Mw/cm? can be obtained from a thermal
source only at temperatures over 25,000 degrees Kelvin. Therefore,
attention is drawn away from incoherent thermal radistion to mono-

chromatic radiation in seekiung for high intensity sources.

An idealized antebna for the emission of monochromatic radiation
might be visualized as consisting of two sheets of current, uniform
in density, over the antenna surface, separated in space by & quarter
wave length; one cscillatory current laggiug in time by a quarter
period with respect to the other. At a third the critical field
strength (1/3 of 100 electrostatic volts per cm, or 1/3 of 100 gauss)
and at a tenth the associat2d power level -~ that is, a little over
100 kilowatt,s/cmz ~ each sheet must have s surface density of current
of 6 amperes per cm. To drive the oscillatory current against radiative
resistance requires s field gradient of 10,000 volts/-m.
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Radiative energy in present day microwave systems i1s generated, not
at the antenna surface, but in a separate unit, from which it is piped
to the antenna. The whole design is governed by the technology of present
day energy sources. To exploit that technology to the limit is certainly
an approach that deserves strong support. However, it may also be worth-
while to ask whether gquite a different design can be conceived, in which
the energy source and the antennas are one and the same piece of equipment.
Components for pulsing or modulating the outgoing energy are already
eliminated because 1t is energy transmission that is desired, not in-
formation transmission as for radar. It is, therefore, tempting to try
to eliminate other components as well, such ss magnetron and piping to
the entenns. A model system offer: itself as inspiration in the search
for conceptual simplicity: the atom. A single electron circulating

gbout a nucleus serves as both power source and antenns.

Any attempt to conceive of an energy source spread over the anteona
itself hat the following guide lineg:

&. A distribution of currsut over the surface at a wiform
density of the corder of 1 to 10 amperes per cm; or & more patchy
distribution with higher local dencities.

b. Potential gradients of the order of 10,000 volts per cm
on the average - again with non-uniform distribution a possibility.

c. Periodic veriation of the currents, properly synchronized
in both space and time.

d. An energy input.
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In other respects there is an enormous range of freedom for conceptual
design. The following possibilities are among the many that cbviously
come to mind, individually and in combination:

a. A high current electron or proton beam.

b. Deflection by electric and magnetic fields.

¢. Plesmas and plasma vibrations.

4. Arcs.

€. Cavities in electrical oscillation.

f. Direct powering of the antemna by contact with rapidly
rotating parts, such as magnets or cavities, driven by turbine or
otherwise from a primary thermal energy source.

g- A plasma driven by a controlled thermouuclear reaction.

h. A receptor identical in design with the emitter.

To have seen emerge in only two dzcades the magnetron, the klystron
and a variety of traveling wave tubes is to recognize tha!l the oppor-
tunities for ipvention are limitless. However, it is not clear that
the incentives for invention of =2 new energy transmission source, and
some of the requirements for it, have ever been explicitly formulated
and put before those with the greatest creative imagination and proven
inventive ability in the field of electronics. J. R. Plerce, in an
appraisal of the possibilities for generating electromagnetic energy,
states; "Progress along such novel lipes can only come if exceptionally
gifted physicists and engineers can be interested in thinking hard
about such matters." It would appear worthwhile to conveps an expert
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work-study group under conditions cptimal for generatingrnew ideas in
this area of transmission of energy by centimeter waves. Some members
of Project Sherwood would undoubtedly have a special contribution to
meke. The view has often been expressed that this intensive work on
thermonuclear energy may in the end contribute even more through an
understanding of the science and engineering of plasmas than through

achievement of an important new energy source.

At still shorter wave lengths, still more imaginative methods
suggest themselves for emitting energy. Among the possibilities now
under consideration in a most modest way are:

a. An electron beam guided at the proper distance above the
surface of a ruled grating to produce visible radiation (W. W. Salisbury).
b. Coherent emission of infrared radistion (Charles Townes
and Benjamin Lax) as conirssted to the incoherent radiation from
thermal sources. '
The opporvunitics in these and other directions are so limitless that

this field deserves ictense sunport end stimulation.

The poseibility also deserves copsideration that an atomic bomb
can be induced to emit radiation of a selected wesve length, possibly
even directed radiation, by endowing the casing with a structure of
cavities to stimulate hydrodynamic plasms vibrations, or with other
special geometry.

Appendix "A"
- 58 ~ IDA-ARPA §-1

SECRET



SECRET

Gravitational Radiation aud Neutrinos

These forms of radiation offer, in addition to electromagnetic waves,
the cnly known methods to transmit energy through space with the speed of
light. They are among the most interesting tcplcs in modern physics.
However, there is not the slightest evidence today that these forms of

radiation warrant work looking towards specific applications.

Acoustic Radiation

The maximum stesdy stete rate of transmission of energy will be of
the order
(speed of sound) X (thermal energy density of air)
or a few kilowatts per cm?a The exponential rate of attentuation is
quite low at reasonable frequencies. However, reliable beaming through
the open air for distances even as short as a mile is normally out of

the question, due to refractiom by temperature gradients and winds.

Vortices

F. G, Werner and the writer have duplicated in the laboratory one
of the several known types of fireball. A glowing sphere, several
inches ir diameter, was caused to appear in the air and to move hori-
zontally s number of feet, at a speed of a few meters per second, until
it went out with a pop. A smoke ring generator had been filled with
city gas and tapped to eject en invisible ring of gas. The ring, after
traveling about a foot, passed through a spark discharge which ignited
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it. The glowing vortex continued to propagate. Presumsbly, mixing of gas
with alr took place until an explosive composition was reached and the

fireball ended.

A large invisible vortex of explosive gas could be used to discomfit
an enemy under sultable conditions, and might even be designed to
produce heavy damage. The ring would travel noiselessly through space
until ignited by flame or spark among the recipients or' their equipment.
The ring generator is of exceedingly simple construction: a box with a
hole in one face and & rubber sheet for the opposite face. The vortex
propagates through space with good preservation of identity, as seen in
the behavicr of "dust devils" above western deserts. However, the same
observations show how very subject the aim would be to changes in wind
direction and wind velocity. For this reason, repeated tries might be
necessary to score an explosion. There are easier weys to cause trouble
except under special circumstapces. such as operations where stealth

and mystery are required.

Vortices can also be propagated under water; quietly and invisidbly,
but strong ecough - as one individual has testified - to knock over an
unsuspecting bather. Applications are now k:.uown but might be conceived,
such as carrying limited pa,cka.gesl éf energy, of poison, or of fuel, for

limited distances.
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Beams of Particles

High energy electrons and photons are rgpldly degraded in the
atmosphere, losing about half their energy roughly every 1,000 feet.
For high energy protons, the half-gbsorption distance is not much
greater. This experience derives from cosmic ray and accelerator
experiments where the stream of particles is too low in intensity
significantly to affect the properties of the atmosphere which blocks

the passage.

Lightning illustrates that currents can flow with sufficient
intensity to affect the properties of the stmosphere itself aiong a
narrow channel. This channel is very tortuous in the case of lightning
because the first electrons to go that way had low energy, were easily

scattered, and were often replaced by other electrons.

To replace these "uneducated" electrons by "educated" electrons
from an accelerator might conceivgbly lead to quite new effects. If by
use of high speed particles the channel can be made straight in the
beginning, and the gas within heated so hot that the bulk of the impeding
mass is driven aside, then the door is open to sending & quick burst of
energy to a great distance. The use of such a burst to destroy a bal-
listic missile has already been proposed by one of the group, P. G.
Kruger, and also by others. Absorption by the atmosphere has been the
great difficulty in earlier thinking along such lines. A new look at
the problem, allowing for the response of the atmosphere to the beam, is
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now very much in order. For this purpose, conceptual anslysis and
calculation, plus the enormous storehouse of existing information and
theory zbout lightning, coifer promising foundations for a much better

assessment than we have today.

Specific Recommendations

a. Some agency should survey the present status of the field of
propagaticn of energy through space to formulate:
(1) The methods of energy transmission that have been considered
to date by workers in this country and abroad.
(2) The research now in progress bearing on the problem.
(3) Research workers vho can contribute imaginative and sound
ideas or even more directly forward a future program in this field.

(4) Specific applications of interest to the Department of Defense.

b. Starting from the state of knowledge as thus defined, a conference
with a work-study character should be called - perhaps divided for some
of the time into specialized groups - to generate new ideas, and to arrive

at a first assessment of the areas most promising for future work.

c. Based upon the results of the survey, a steering committee of
independent vorking investigators might be appcinted upon the Project
Sherwood model to:

(1) Make recommendations to the sponsoring agency for research
within existing government laboratories and for ccutracts to universities
and research foundations;
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(2) To call periodic conferences for review of ideas and experi-
ments; and
(3) To bring to the attention of the Department of Defense areas

where important applications can be pushed through.

As such leads develop, a more concerted effort should be made to

bring them inte practical application by agencies yet to be defined.

John A. Wheeler
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A-5. ATOMIC COLLISION CROSS SECTICNS

Knowledge of the interactions of electrons and ions with atoms
and meolecules has important applications to the defense effort, as
well as to many branches of science. We may mention a few such applica-
tions:

8. Atmospheric physical lonospheric ionization and recombina-
tion rates; this is of importance for some proposed methods of inter-
fering with enemy commmications and radar;

b. Weapons physics (ARGUS is one of the many important appli-
cations);

. Missile development (the re-entry problem has been tied
to several atomic reactions; the detection of missliles within the
atmosphere may be closely connected with atmospheric ionization in the
wake; means for destroying an ICBM within the atmosphere may exploit
the weapons capabilities to such a 1imit that very detailed knowledge
of atomic resction crcss sections bzcomes sigrificant);

d. Plasma physics and magnetohydrcdynamics;

e. Controiled thermonuclear reactions - here lack of knowledge
of atomic and moleculiar cross sections involving impurities has been a
serious problem;

L. Chemical reactions in gases.

Unavailability of accurste knowledge of atomic cross sections has

retarded development in each of these fields.
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Although the basic information has been availsble for 40 years,
much of atomic physics has been by-passed in the course of the develop-

ment of physics.

This is true, particularly, of the study of the cross sections
for scattering electrons and ions by atoms and molecules. It seems
apparent that there do nct exist "rules of thumb," or any practical
theoretical basis, for meking even qualitative preadictions as to how
these cross sections depend on the details of atomic structure. Also,

no comprehensive handbook tabulations of cross sections exist.

There has beer little improvement in theoretlcal techniques for
handling these problems since the late 1930°s. Developments in intense
ion sources and atomic beam apparatus will provide nev experimentsal

techniques vhich are just beginning to be used.

Most work in this connection has tended to be fragmented. An
individual worker determines the cross section for an individual
reactior. ©Such results 4o not ir themselves secure a systematic
description of the phenomena. Also, much of the work has been quite
inaccurate, discrepancies'as large as a factor of ten remaining even

alfter extensive studies have been made.

Recormendation:

A specific progream for the stuay of atomice collisions might in-
volve:
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a. A survey and coordination of existing work (for example,
by sponsoring conferences);

b. Support of atomic beam and other experimental apparatus
to develop practical means of measurement;

¢. Encouragement of a supporting theoretical program to use
new technigues in guantum mechanical scattering theory and computing
methods;

d. Emphasizing the importance of relating observation to the
details of atomic and molecular structure -- and thus to obtain means
of predicting cross sections from a knowledge of atomic structure;

€. Preparation of a systematic tabulation of croes sections,
as has been done, for example, by the Hughes Committee on nuclear

ceross sections.

K. Watson

A-6. MATTER UNDER EXCEEDINGLY HIGH PRESSURE

Recent investigations by B. G. Drickamer and co-workers have dis-
closes that substances under very high pressures (of the order of sev-
eral ndred thousand atmospheres) exhibit unusual properties. Here-
tofore most cf the very high pressure work has been concerned with in-
vestigating the effects of compression as sezen after release of the

pressure. In contrast to such studies, Professor Drickamer has suc-

ceeded in measuring certain physical properties (such as infrared absorption
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and some electrical characteristics) while the substance of interest
was under extrene pressure. Among other things, he found that non-
metals begin to show some netallic characteristics when the atoms are
squeezed together so closely that ronbonded electrons from different

atoms begin to interfere with each other.

It is now suggested that the measurement of properties of materials
under extremely high pressures warrents further intensive study. Such
study might enable us to understand better some of the phenomena
occurring in nuclear explosions. It is also conceivable that a
whole new realm of solid state physics and physical chemistry might
be disclosed. It is quite possible that the results would be of
substantial value to astronomers. Finally it is suggested that com-
pounés of excited helium with other elements might be made under high
pressures. If stabilization of such compounds could be discovered,

a nev type of fuel might result.

Recommendation:

Support by én appropriate agency for good and forward-looking

research proposals.

F. T. Wall
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A-7. INTENSE MAGNETIC FIELDS

In the recent past it has become possible to achleve very intense
magnetic fields, & 106 gauss. The eventual scientific and technical
implications of very strong fields are not now clear but their importance
is elready evident. The essentisl point is that an entirely new range
of physical parameters has become accessible: megnetic fields with an
energy density approximation high explosive have already been produced
with an expectation of even higher fields. The characteristic of matter
under the action of such fields should be studied from the fundamental

point of view, as should the fields themselves.

A few examples of promising uses include: (1) the study of mixing
in implosive systems with the field as the light-decelerating medium;
(2) the acceleration of charged particles by the action of the magnetic
field; (3) construction of tiny focusing magnetic systems for use with
pulsed high energy machines; (4) inkibition of the photographic process
by the action of strong magnetic fields; (5) containment of a plasma

by longitudinel as opposed to pinch-type fields.

Some ideas have been advanced as to ways in which even more intense

pulsed fields can be obtalred by means of nuclear explosions.

To date the amount of work done in this subjJect in the free world
1s very small;, with only a few active workers. Evidence exists that

the Russians are active in this field.
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Recommendation:

An appropriate agency should sponsor a symposium on intense magnetic
fields and seek for means %o stimilate more forward-looking work in
this field. Among those active in the field who might be invited to
help organize such a symposium are:

H. P. Furth (Livermore)
C. M, Fowler (Los Alamos)

F. Relnes

A-8. FORMATION OF CONCEPTS OUT OF DATA; AND SYSTEMS RELIABILITY

The Problem

One of the principal problems that frequently arose in the course
of Project 137 has been connected with large-scale data handling.
This includes identification, classification and evaluation, in addi-
tion to computations proper. Problems of this kind are common to all
three services; in addition, there is the problem of information flow
within the govermnment itself. Justifiably the three services have
individually pursued many avenues of solution for their many problems,
right down to the fundamental aspects. These problems are, however,
parts of a much more general picture. It is therefore useful to learn

more about the basic underlying structure of this picture.

The New Approach

It is well recognized that cougpster development has been most
impressive and that ambitlous plons for very fast computers have
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been formmlated. However, it is our conviction that other, qualita-
tively different considerations should now be sought. When informa-
tion about a prevailing state of affairs is collected end stored, this
is done for the purpose of answering questions and msking decisions.
Hence, entirely novel procedures of automatic data menagement must be
developed whirh permit rapid sifting and assaying of ipdividual items
of information as to their relevance in generally complicated contexts,
possibly appreciated only in a gualitative way. This operation of
"intelligent" recognition of significant items in a massive volume of
a priori undifferentiated (background) information is in marked con-
trast to the familiar approach by exact, abstract relations and precise
item-by-item sorting. Important contributions toward this end will
undoubtedly come from a deeper understanding of how computers can
better interact with neurclogical phenomena. As is well known, the
function of decision-meking involves data processing and computations

combined with thought processes.

The exceedingly high speed of computers contrasts with a much
greater flexibility of the men mind. For example, in directing
air defense, computers have been known to arrive at correct solutions --
but at the price of very many changes of orders during the similated
buttle. Human operators have been able to achieve the same kill proba-
bility with fewer changes. A problem is, therefore, how to combine
the speed of the former with the intuitive power of the latter --
thereby attaining a higher level than either one can reach at present.
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A generalized data processing system that attempts to ilncorporate
the necessary, subtle features with heterogeneous interactions is likely
. to be a rather complicated affair. Its complexity exceeds that of the
modern computers and deta processors. But for such complex equipment,
as for the recently proposed weapons systems, the question of reliability
of performance naturally arises. Procedures for the systemetic reduction
of the probability of malfunction on the part of a given system constitute
an immediate objective of great importance. Even more challenging, how-
ever, is the objective of devising our systems in such a way that any
failure will subsequently affect only the lowest priority fumctions.
Since it is patently impossible to build systems which never fail, the
next best thing to achieve is the design of systems which do not fail
when it matters. While it is true that logical design has attempted
to Zeep pace with component development, the study of reliability and
its attainment even with unreliable components has only been started.

It is clear that this subject demands great attention in the present
context. Especially is this true for systems operating under great

constraints or in times of national emergency.

Familiar examples illustrate these remarks about (1) automatized
formation of tentative concepts or conclusions; (2) quick sifting of
masses of data to confirm or contradict these tentative conclusions;
(3) design for reliability with unreliable components. In science,
weather forecasting has progressed some direction along iines (1) and
(2), but has far to go in systematic application of these principles.
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In national defense, the fields of communication and intelligence offer
outstanding illustrations. In these areas a well worked out philosophy
of reliability and concept formation would greatly sirengthen our
position. Also, improvements would result in the behavior and relia-
bility of a future anti-missile system or of the already-programmed
POLARIS system, 1o take examples from a vast collection in the field
of weapons. Finally, a deeper understanding of features (1), (2) and
(3) of decision-making would allow more realistic and far more com-
plicated versions of war games than those presently being carried

out on computers.

Information Systems

Digital processing and decision elements, perfected in the rapid
evolution of computers, are finding their way into modern military
information and control systems in ever greater number and incresasing
sophistication. Yet, no matter how generalized for the purposes on
hand, the pattern of procedures according to which they have operated
to date is that of arithmetic: exact, explicit and complete like an
accountant's books. In contrast, one needs to examine the principles
of large memories, initially chaotic and with quite imperfect access,
whose organization is effected and dictated by the application at hand. .
Systems must be thought of that "fan out" into many channels, and this
at several levels, operating simultaneously. At succeeding stages,
more and more detail may be accommodated, in a manner coasistent with

increased parallelism of operation. Further, an hierarchy of many
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subsystems of storage is desirable. These subsystems may incorporate
various existing components like magnetic cores and tapes; electro-
static devices, both digitalized and analogue; electromechanical or
photographic techniques; display scopes. There are other possibili-
ties that have recently been proposed. What seems clear is that tbe
conventional devices are either bulky, time-consuming, relatively

inflexible, or impractical.

Rapid access to stored information is presently limited to small
portions of the data. Scanning large amounts of stored data is usually
a time-consuming affair. Subtle, imaginative schemes are needed here
that represent new dimensions. Perhaps the physiologist and neurolo-
gist, in concert with others with different disciplines, can make

radically new suggestions.

Such systems should be designed to provide flexible interaction
with the human being. This is an important aspect. Heretofore
automation has been aspplied under those circumstances which have been
sufficiently simple to permit complete sutomation without humsn inter-
vention. In fact, the exclusion of the latter has been one of the
principal objectives. For the more subtle considerations envisioned
here, the brain must be an essential component, interacting directly

with the rest of the system, in a flexible fashion.
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Religbility of Systems

Quite apart from the questions of logicel design end orgenizatlion
of & large system, there arises the separate question of the reliability
of performance. The question is, of course, of serious interest to
those concerned with any form of large system. Fundamental considera-
tions have only been hinted at. What are the general criteria for
evaluating the performance; to what extent can unreliable components
be used; how much redundancy should be included; what forms of checking
or corroboration should be incorporated; these are non-trivial guestions.
These problems are also closely related to the coding schemes used.
While we possess a very powerful theory of information we still have
to make a decisive step forward in order to exploit this theory fully;
this step is in the direction of the discovery of systematic encoding

schemes.

Some Immediate Tasks

With current, digital computer design furnishing en important
take-off point for the proposed studies, a number of specific ideas
in this particuwlar-field are suggested as warranting immedisate
expioration.

a. The present thinking restricts itself to a very small number,
usually one or two, of arithmetic units per computer. The emphasis
has, in large part, been on speed. However, with the development of
eryogenic elements that lend themselwves to printing techniques, it is
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possible, as firs: sugg:sted by J. Pasta, to conceive of a computer with
a fairly large number of arithmetical units, sey a few hundred, if not
a few thousand. Such capabilities must alter our traditional approaches
to solutions of numerical problems, especially in the field of partial

differential equations.

b. For many app'ications of Monte C~rlo-type problems, the structure
of arithmeti~ units 1s not very efficient. I most applications 10 to
12 bits 1o awerber usuzlly sufficer. o . 17 -) bits that are usually

available are gquite unnecessary.

¢. Faster and more complex computers are being designed to extend
the range of tractable problems. For none of the computers being com-
mercially produced has the question been raised of the significance; i.e.,
number of meaningful bits, in the answer or answers. One may imsgine
that an acceptable pro-.dur ~:--t be to describe s number, not only
as a frct:on and an associntel -xponent, but with an "index of sig-
nifican-e’. This brute force approach clearly involves more hardware
an‘i .ontrol complications, 1f not some sacrifice in speed. Even so,
it - nct completely clea¥ vhat the appropriate rules should be. Some

s:3g.stions have already beezn made, but more study is necessary.

General Recommendation

It is strongly recomm nded that a group be formed to study these
robless and work cut a basically new attack on them. It is necessary
LBt the group inciude not only mathematicians and engineers, but
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biologists, neurclogists, logicians and physicists. This group must have
at its disposal, free of encumbrences, funds and leboratory facilities;
the detailed nature of the latter can be specified by the group as its
ideas gradually develop. As these ideas become firm, it will be neces-
sary to expand the program in some manner in order to reach its objectives

of a working system.

The. quality of people, together with the desired spectrum of
disciplines, is suggested by the following list (apart from the study
group). We feel that many of them could be interested in a program
suggested by the present report.

Engineers: Julian Bigelow, IAS, Princeton University
Relph E. Meagher, University of Illinois
Jerome Wiesner, Massachusetts Institute of Technology
Logicians: Claude Shannon, Massachusetts Institute of Technology
R. L. Ashenhurst, University of Chicago
Minsky (cf. Shannon)

Mathematicians:
A. H. Peub, University of Illinois

S. M. Ulam, Los Alamos
H. Bremermann, Berkeley

Statistician-Systems:
J. W. Tukey, Princeton University

T. M. Anderson, Columbila University

Carl Ohman, National Science Academy
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A. Newell, Carnegie Tech

W. W. Bledsoe, Sandia Corporation
Symonds, Standard 0il of New Jersey
B. Simon, Carnegie Tech

Physicists:
R. D. Richtmyer, New York University

Hugh Bverett, Weapons Systems Evaluation Group
. W. Alvarez, Berkeley

W. Lawson, University of Chicago

Seitz, University of Illinois

Bardeen, University of Illinois

IR

Pasta, Atomic Energy Commission
A, Nordsiek, University of Illinois

Biologlcal Scientists:
D. Mck. Rioch, IAS; Princeton

A. Novick, University of Chicago

J. Hoffman; Buffalo

Joshua Lederberg, University of Wisconsin

J. Lettvine, Mass. Institute of Technology, RLE
F. Rosenblatt, Cornell Aeronautical Leboratory

H. Quastlee, Brookhaven National Laboratory

Specific Recommendetions

a. An appropriate agency should sponsor an interdisciplinary
meeting in the near future on Formation of Concepts out of Data and
Systems Relisbility, to study specific needs of this program, and to
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try further to eppralse the prospects it will open out. Such a meeting
could be held in the area of the Argonne - University of Chicago -

University of Illinois complex.

b. An advisory committee should be selected from those actively
interested in this field, to recommend appropriate practical means for
forwerding new advances in the subject, including contracts and such

new computation laboratory facility as seems appropriate.

c. Possibilities for application to urgent defense problems should
be sought regulerly and imaginatively through this advisory committee
or otherwise, and, when identified, should be referred to sppropriate
agencies of the Department of Defense for the earliest possible

development.

N. Metropolis

0. Morgenstern
F. T. Wall
F. J. Weyl
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A-9. ARPA AND THE SOCIAL SCIENCES

Although the considerations of this group have been largely directed
to the bearing of the physical sciences on problems of Militsry Science
defense, we have been much lmpressed by the possibilities offered by an
imaginative exploitation of the social sciences iIn the same connection.
A number of groups have addressed themselves to this matter, in an
endeavor to identify areas of research which might hold promise in
defense spplications. Here we may cite in particular the work of the
Subcommittee on Social Sciences of the Nationsl Academy of Sciences, and
of the Ad Hoc Advisory Group on Psychology and Social Sciences, Office
of the Assistant Secretary of Defense for Research and Engineering.

Both of these groups have described broad fields of study which have
obvious and important military spplications of both immediate snd long-'
range character. From both reports, one gathers the impressicn that
far too little emphasis is belng gliven to the explotiation of the

povwerful tools and techniques at the command of the scocial scientist.

Quite evidently, the present group, composed as it is largely of
physical scientists, cannot presume to judge the merits of detailed
proposals for work in the social sciences. HNevertheless, we cannot
refrain from expressing our deep conviction that a vigorous explora-
tion of these broader fields is of crucial importance to the defense
of our country and that the advantages to be gained by their
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exploitation may far outweigh those to be anticipated by the more mundane
prosecution of hardware developments. The most sophisticated weapons
system i8 of little avall if it is applied at the wrong place or at the
wvremg time or by the wrong people. More than anything else, we need
imaginative formulation of policy, careful articulstion of objectives,
and considered evaluation of the relations of men, weapons, and missions.
These are problems which can only be solved by an enlightened and ag-
gressive attack, utilizing the full power of all the sciences, but

with strong emphasis on the methodology and substance of the social

sclences.

Recommendation:

We strongly recommend that every impetus be given to the fullest
possible exploitation of social science and sccial scientists in all
aspects of defense problems. More specifically, we urge that ARPA
consider these fields an integral part of "Advanced Defense Research"
and select for support and exploitation certain of the fields recom-
mended as particularly important by the two committees previously
mentioned. Persons who might be helpful in this field include:

Dr. Rensis Likert - University of Michigan

Dr. Dael Walfle (Psychologist) - Executive Secretary - American
Asgociation for the Advancement of Science

Dr. Paul Fitts (Psychology, Humsn Englneering) - University of
Michigan, Chairman, Social Science Panel, SAB, Air Force
T. Lauritsen
R. Weiss
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A-10. MILITARY EXPLOITATION OF BASIC U.S. /USSR DIFFERENCES

One of the more comspicuous aspects of current U.S. defense planning
is its close dependence on technological development. Surely it is vital
to our security that we exploit to the fullest such possibilities as an
improved mastery of nature can offer to increase our defensive an.
offensive capability. On the other hand, experience indicates that
one way or another, every major advance of this character is promptly
teken up by the enemy, with the result that the war-meking potential
of all countries rises with monotonous and frightening regularity,
modified by only temporary fluctuations in favor of one side or the

other.

For purposes of argument, we suggest that in the present state of
culture of the nations immediately involved, the seeds of war lie in
certain differences between nations, cultures an Vi“ ividusl people.
It seems guite unlikely that any serious ccnflict could arise if
Russiens and Americans were indistinguishable from the point of view
of ideology, environment; standard of living, ete. If these differ-
ences could be made to disappear, there would be little occasion for

war as long as the earth can feed us sgll.

If one agrees that the problem which confronts us depends upon a
difference between the parties, 1t behooves us to exploit that dif-
ference in solving the problem. Only in this way can we hope to
obtain an advantage which will be absolute, in the sense that
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duplication of the system on the other side will nct constitute a
counter. As an obvious but illustrative example, a weapon which inca-
cazitated or destroyed any person who threatened to enslave his
neighbor would satisfy most Americans and would be far more satis-
factory to us than more conventional wegpons whose discriminatory
power depends or the accident of possession. Less trivial is the
possibility that qualitative differences in the capability of inde-
peadent thought and action by individual Russian and American
soldiers might be exploited to our advantage, particularly in a war
involving great dispersion of combat units. Not less importent as a
distinguishing feature, but less easy to exploit in our favor is the
disregard for humer life which seems sometimes to characterize

Russian operations.

Quite evidently, the invention of a truly discriminatcry weapons
system is a difficult job. On the other hand; putting a man on the
moon is also difficult, and the solution is far less interesting in
the present context. We suggest that the relative allocztion of
effort to these two endeavors is lamentably disproportionate in view
of their respective importance to the preservation of our society.
Even a modest improvement in our understanding of the enemy may have
the most important consequences for war and pesce, and even the
revelation of a single non-counterable weapon, diplomatic, economic,
or military, may give us advantages far out of proportion to the cost
of even guite an intensive study program.
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To elaborate the matter somewhat, and to form some vague basis for
a closer study, we examine here a few of the obvious points which might
be considered - and might, of course;, be much amplified. These remarks
are directed specifically to the question: "What differences exist
between the USSR and the U.S., and how can these differences be exploited
to our advantage?”

&a. Environment
(1) Russia is, to a considerable extent, a landlocked

nation: communication by water is largely restricted to her canal and
river system. Transportation of materiel and manpower from one point
to snother must therefore be relatively expensive, both in terms of
capital equipment and fuel. To vhat extent can this expense be aggra-
vated by wartime interdiction of the canals? Do the canals and locks
offer any specislly advantageous targets? Could the threat of amphibious
cperations on the northern coastline be used to force the Russians to
maintain large forces in this inhospitable terrsin? The rather con-
spicuous difference in the availability and usefulness of the oceans
to the two sides would suggest that strong emphasis on naval and
amphibious capability on the part of the U. S. might well be to our
advantage. This is clearly an example where we need not, and in fact
mist not; simply attempt to match the Russians one to one. In the

past, commend of the oceans has many times determined the fate of

nations.
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{2) Eastern and Western Russia are rather poorly connected:
important installations on the Pacific are separated by vast reaches
from the center of authority. Might it not be possible to cut off and
eliminate essentially all of Siberia with a relatively small effort?
Would it be possible and profitable to establish and supply large bases

of our own in this territory?

(3) Large areas of Russia have ex:remely cold winters and
offer only marginal support for their populations. Could this situation
be aggravated by any conceivable modification in climatic or ocean
current patterns? What would be the consequences of & moon shot? Would
cutting the Isthmus of Panama affect the Gulf Stresm? What are the
possibilities of modifying rainfsll patterns by systematic cloud seeding

in Western Europe? Could a new Ice Age be induced in Northern Russia?

(4) Prevailing winds in the Northern Hemisphere run from
West to East. Can this factor be exploited through massive gas or
faliout attacks? Could the mere threat force Russie into expensive
countermeasures? Could balloon-carried weapons or instruments be used

to our adventage? What use can be made ¢f the jet stream?

It is abundantly evident that msny more differences can be dis-
covered in the environment, social structure, economics, and perscnal

attributes of Russians and Americans. Opinions will differ as to
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which of these differences con be turned to owr sdventage in s military
sense, but an adequate appreciation of their existence and of their
implications is surely essential to the most rudimentary approach to
the’be.sic problem. It is suggested that a systematic study by & group
con{prising experts in both social and physical sciences might reveal

rossibilities for some quite sophisticated weapons.

Recommendation:

Support of such a work-study group by an appropriate agency.

T. Lauritsen
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B. ENVIRONMENTAL ANALYSES

B-1. THE PHYSICAL ENVIRONMENT OF MILITARY OPERATIOKS

Of the meny factors which bear on the effectiveness of weapons
systems of any kind; surely a broad knowledge of the physical environ-
ment in vhich they are tc¢ function is among the most basic. Whatever
our weapons may be, they must operate in the land, sea, air or the
space outside, and in many cases thelr design must make explicit use
of the properties of these medis, particularly those properties
generally categorized under the fields of geophysics, oceanography,
meteorology, and physics of the exosphere. Because of their great
importance and universal interest, all of these subjects have been
explored in some detail, both by military and civilian investigators,
and an extensive body of knowledge nas een zccumulated. Within each
of the indivual disciplines; mapy national and international agencies
have been established to coordinate research activities and to
facilitate collection and disseminatior of information. In addition,
the individual military services have vigorously supported both basic
and applied research in these fields to the extent that one mey say
that there are no immediately obvious subjects of military importance

in vhich effort is completely lacking.

On the other hand, ARPA has a responsibility which transcends
the obligations of any individusl miiitary arm, and one which is noct
necessarily met by any purely civiliar agency. ARPA should concern

itself with long-range projects, often out of the context of a
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particular anplicatinn, snd should be prepared to expleit any improvement

in basic knowledge, particularly in the fields under discussion here.

Under these circumstances, it would seem appropriate to suggest
that ARPA maintain an active interest in these flelds of endeavor, and
search actively for subjects of possible military interest in which it

may be desirable to increase the level of support.

In thé'work»Study Group's brief exposure to current military problems,
several fields have appeared vwhich seem to deserve increased attention.
Of these, perhaps the most conspicuous are those branches of oceanography
and "ocean meteorology" having to do with long-range sound transmission;
propagation of electromsgnetic radietion in water, and the topography
of the ocean floor. It ceems that U. S. effort in these matters is on a
far smaller scale than that of the USSR, particularly on the last-

mentioned subject, and fer less than their importance would Justify.

Another field in which more effort would sezm o be landicated has
to do with the effects of radioactivity from nuclear weapons in the
environment of a grourd srmy. There scems to be insufficient effort
in this area relative to the importance of a thorough understanding of

this matter and of the tactical advantagss to be gained from an ability
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Yy
to deal with it. Aside from the rather cbvious observetion that the

necessary instruments and indoctrination do not appear to be avallable
on anything like a realistic basis either in the Army or among the
civilian population, there seem to be significant gaps in the basic

knowledge required to deal with fallout problems.

Still another area where a hard look is required to determine
whether our current research effort is adequate, concerns the properties
of the upper atmosphere, the ionosphere. and outer space, especially
as regards propagation of electromagnetic radiation and charged
particles. It has become apparent that the feasibility of a number
of weapons systems under current discussion depends in 2 direct way
on certain of these properties about which only guesses can be made

at present.

It should, perhaps, he observed that the functions of the U. S.
committee on the I.G.Y. are illustrative of the power and usefulness
of a coordinating agency in accelerating a broad field of study.

With a budget and a marpower commitment which is certainly not
excessive, this group has enlisted active support from a large number
of independent institutions and have done much to make possible

research on & world-wide scale.

1/ It should be emphasized that the Study-Group's informetion is
quite scanty and that the implied criticism may be quite wnjusti-
fied. These remarks are intended only tc suggest that the
situation be examined.
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Recommendation:

The possibility that ARPA might perform a simiiar service, or even
inherit certain of the functions of the I.G.Y. committee would seem worthy

of serious consideration.

T. Lauritsen

R. Shephard
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B-2. RADIQLOGICAL MAPPING AND COMBAT SURVEILLANCE

Currently planned nuclear explosion detection and analysis techniques
seem, on the whole, to fill a significant part of the need for combat
intelligence on this subject. On the other hand, the proposed system is
rather complex and much of the information obtained is of less than
immediate interest to local Battle Group and Divisionsl commanders. For
the purpose of an officer planning an immediate operation in a battle aree
vhere nuclear weapons have been used, the principal questions must
evidently have to do with the existing radiological situation within the
locality in which he expects to maneuver. For him the greatest need is
for a current, detailed radiological map and for the ability to make

quick spot checks at points within a few thousand yards of his lines.

The levels of radiation which are of military significance are
enormously high compared to those which are encountered, for example,
in mineral prospecting. Typical levels in the latter case would be
some tenths of milliroentgens per hour, whereas a level of some tens
of roentgens per hour might well be regarded as an ascceptable risk
for transit of troops. It follows that the necessary instrumentation
for military applications can be most crude and rugged - possibly

designed along the lines of a meteorological radio-sonde.

A number of obviocus solutions suggest themselves, ranging from
the most simple, expendable instruments, available even at platoon
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or company level, to drone-carried or rocket- or motar-fired devices,
controlled, for example, at divisional or corps level. As a minimum,
it would appear that daily weather maps isasued by local meteorological
wits could easily include rather detailed radiological information.

In addition, as indicated above, gquite simple arrangements would permit

a local commander to investigate the situgtion for himgelf at any time.

The matter dealt with here does not in itself require any basic
study, nor indeed any appreciable development. On the other hand, the
apparent lack cf emphasis on this problem in current planning for
combat survelllance measures suggests that the implications of a
radicactively-contaminated btattlefield as a matter of daily course
may not have been incorperated into operational doctrine to the extent
vhich the situation demands. The existence of high radiation levels
as a more or less permanent feature of the environment poses a number
of questions, and the ability to accommodate to such a situation may

well be decisive in an operation involving nuclear weapons.

Recommendation:

Emphasis in current planning on radiological mapping and combat

surveillance.

T. Lauritsen
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B-3. STATISTICAL DATA TO PLAN FALLOUT ASSCCIATED WITH
USE OF ATOMIC WEAPONS BY ARMY GROUND FORCES

How to lsy dowvmn tomorrow a desired pattern of faliout is importent
for an aresa commander just es it is important for local commanders to
know how to lead thelr trocps safely through tcday's battlefield

radicactivity.

The planning of ground dbursts to achieve a desired fallout pattern
is only partly understood. The planning depends on meteorology, plus
such knowledge of the winds as is given by field messurements. Proper
planning demands more - a knowledge of how reliably = specified fallout

pattern can be secured.

Recommendation:

An appropriate a.gency should sponsor research:

a. On the statistical variations of winds - in time, disiance,
and altitude - gbout the values indicated on the kind of measuring
equipment that will be used in the field; and cn the correlations among
such variations;

b. On the planning of measurements for this purpose; and

¢. On how to use the results to tell what one can 4o reliably

about securing a desired fallout pattern.

R. Shephard
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B-4. A RADIATION DETECTOR FOR FIELD USE

The urgency of providing a simple and adequate radiation detector
for field use has led to the development of a large varlety of in-
genious devices, and there seems little doubt that if the need becomes
sufficiently acute, several quite satisfactory solutions will dbe
available. The present note describes & scheme which offers some
advantages as an interim measure and which might deserve some further
study, at least to the extent of assuring patent protection of the

government's interest.

Among the many devices which can detect nuclear radiations,
probably the most familiar is the Geiger-Mﬁller countexr, which gives
an electrical response in the form of a single pulse each time an
ionizing particle traverses the sensitive volume. Under normal con-
itions, the cosmic rays and natural background radiations wilil
produce a few counts per minute in a Ceiger tube with a volume of a
few cubic centimeters. For the most primitive device of this sort,
four elements are required: a Geiger tube, a power supply of a few
hundred volts, a simple emplifier, and an indicator - often in the
form of a headphone or loud speaker. With the exception of the
Geiger tube itself, all of these components also exist in any vacuum
tube radio receiver. In principle then, coaversion of a standard
receiver to a radiation detector requires only the addition of the
Geiger tube.
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Many possibilities for the mechanics of the conversion suggest
themselves immediately. Perheps the most attractive would appear
to be & simple replacement of one of the audio amplifier tubes with
a plug-in unit comprising an identical tube to which is attached the
Geiger counter and assoclated electrical circuitry. The Gieger counter
tube, which need be no more bulky than the standard minature radio tube,
might be connected from the amplifier tube's anode to the control grid,;
with a suitable coupling condenser and a limiting resistor, the whole
arrangement mounted on a standard plug-in base so that no internal
connections need be made. A slightly more sophisticated version might

incorporate a separate switch to disconnect the Geiger tube when desired.

In normal operation, the effect of the Geiger circuit would be to
superimpose occasional “clicks” - some 5 to 30 per minute, depending on
the size of the detector - on the normal receiver signal, providing a
constant monitoring of the background radistion whenever the receiver
is in operation. Any significant increase in radiation level wouid
immediately manifest itself by an increase in the frequency of clicks.
An increase of a factor of two or three would call for some investi-
gation = a factor of ten increase would be far outside the limit of
normal fluctuations in background, and would constitute a definite
wvarning. A factor of 100 would represent a radiation level in the
general neighborhood of the so-called tolerance dose {a few tenths of
a roentgen per week). A dangerous radistion level would produce a
continuous series of clicks, or might even render the device inoperative
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(this last contingency could be guarded against by suitable circultry).
An ordinary radium-dial watch held close to the Geiger tube would evoke
an immediate response and would provide a convenient method of checking

the function.

It is evident that the Geiger counter device here conceived does
not provide all the gquantitative information which might be desired in
case of a fallout attack either in military or civilian situstions.
Such information requires more sophisticated instruments and the inter-
pretation requires trained observers. On the other hand, in the present
world situation, and for the immedistely forseeable future, what is
required is a warning device vhich is sufficiently insistent to command
attention, and which will not be found to be out of order when the need
comes. Assuming that the technical development does not present un-
foreseen difficulties, devices of the kind described here could be
procured very rapidly and easily installed in the field. They could
be made available for all military radios down to company level, and
possibly even to platoon level. Conversion of civilian radios would
be equally straightforward. Adaptation to low-voltage, battery-

operated cr transistor receivers can certainly be made, but would

try

robahly present some complications.

Recommendation:

Construction of plug-in inserts of maximum simplicity and evaluation
with a view to widespread installation.
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B-5. MILITARY GEOPHYSICS

Meteorology is an important input 1nto the military equation and, by
this token, is an important part of military geophysics. But, 80 also
are climatology, geography, drainage, landforms and ecology. Much date
in these areas must still be obtained. Also, much exists which has not
been used or even comprehended. Military meteorology available at the
time, if used, could have changed Napoleon's campaign irn Russia; Hitler
neglected to profit by Napoleon's lesson; and the same mistake was
repeated in Korea by our own forces. In each case communications

apparently broke down. The men just didn't get the word.

Today there is equally narrow understanding of the importance cof
military geophysics for future struggles. A detailed knowledge of rain-
fall, soil factors and the covering road net in future combat regions
may be just as importent in the solution cf the mobility problem a3 a
much-hoped-for breakthrough in drive power for vehicles. Systematic
study of the local meteorology of the Korean combat zone, with fore-
casting techniques to predict whether or not the second valley over is
fog-bound, or will be fog-bound in four hours, may well have changed
the outcome of engagements as well as indicating entirely different

tactics.
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The following sorts of information will be urgently needed in
future land combat. Mastery of techniques tc get this information can

well spell the difference between victory and defeat.

Indirect Bomb Damage Assessment

Knowledge of the optimum effectiveness of nuclear weapons in
casualty production requires a knowledge of what the meteorological
environment of the target ares will be at time of strike. Atmospheric
attenuation in the target area will have a marked effect on the
effectiveness of thermal radiation as a casualt; producer and, also,
can aid in the estimate of how much protection can be afforded to

exposed personnel.

Use of Photography, TV and Infrared

To be fully effective, the above techniques being planned for
combat survelillance must take account of the effect of meteorological
factors on atmospheric transmission of visible and infrared radiation.
Absorption of infrared due to the presence of water vepor and carbon
dioxide in the air, and the attendant scattering of the shorter visible
wavelengths, seriously affect the performance of optical and infrared

equipment, so much so in some cases as to make the equipment useless.

Meteorological Corrections for Sound-Ranging

Wind fields, water vapor content, and inhomogeneities in the

atmosphere have a significant effect on the accuracy of bearings on
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enemy artillery end weapons as determined by sound-ranging geer. Sound-
in-air detection as a technique has been effective in Worid War I and II,
but the limitation‘on;accuracy of location of enemy weapons depends upon
the ability to obtain timely neteorological data as well as to determine

the influence of landforms and vegetation on acoustic ranging.

Meteorclogical Corrections for Ballistic Missiles

Unguided missiles, and, in a number of cases, missiles with terminal
guidance, require knowledge about the wind fields to apply corrections
for accuracy. In particular, such missiles as the LITTLE JOHN are affected
by low-level winds during launch. Little is known about the variation of
local winds and how to measure them to effectively correct the paths of

such missiles.

Meteorological Data for Fall-out Prediction

Existence on the nuclear battlefield will depend upon belng able to
estimate height of burst, position and yield of the weapon, average
particle size of radioactive materisl, velocity of fallout profiles,
and wind fields as & function of altitude. Studies in these areas are
far from adequate. Far greater effort must go into such atudies before

the auswers tc fallout predictiocn can be givel.

Meteorological Corrections foxr Radar Accuracy

Radar range accuracies are limited today by the variations in the
propagation characteristics of the atmosphers. Accurate knowledge of
refraction is closely linked with the metecrology of the propagation
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medium. Further improvement of radar accuracy can be enhenced by more

accurate knowledge of meteorological factors involved.

Meteorology for Army Air

Army Air although limited by size of aircraft, flight altitude and
range requires the same type of meteorological inmputs traditionally
associated with the early growth of the aircraft industry. Much interest
will lie in local metecorology rather thsn the synoptic type forecast
nov available. Landing fields will be rudimentiary in construction; night
operations will predominate, and various kinds of sensing equipment carried
on board will be directly influenced by the atmospheric conditions. With-
out a full understanding of the factors influencing the enviromment, no
local forecasts will be possible and the full potential of aircraft will

be highly degraded.

General Meteorology

Much as been said regarding the importance of meteorology in weather
modification, in climatology, in mastery of the Polar and tropical en-
vironments and in upyer atmospheric phenomena. The attack on the problem
of synthesis of the many related phenomena has been very spotiy. There
appears to De no ceptral group concerned with an overall understanding of

these phienomena and their relation to military and civilian requirements.

CONFIDENTIAL ) Appendix B
-~ 59 - IDA-ARPA 5-1



CONFIDENTIAL

Recommendation:

The Department of Defense has a vital stake in meteorology and other
fields of military geophysics. The present unsatisfactory state of
wilitary meteorology is a reflection of the retarded and narrow scope
of unclassified meteorological research. An appropriate exlsting agency
should consult with L. Berkner and others closely associated with ad-
vanced thinking in this field, to determine what should be done to
produce an order of megnitude improvement in the present level of
forward-looking research in this field, and in the amount of young

talent attracted to it.

R. Weiss
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B-6. ON DETECTION OF SUBMARINES THRQUGH SURFACE EFFECTS

Several suggesticns have been made concerning the possibility of
tracking submarines or surface vessels by virtue of changes which
they produce in the water. These suggestions include detection of
electric or electromagnetic fields, detection of induced radicactivity
(for nuclear-povered vessels), chemical sensing, and bolometric measure-
ments. It would seem natural to inquire whether the mechanical
disturbances of the water does not deserve more consideration in this
connection. It is well known that the wake of a surface vessel remains
discernable to the naked eye for long periods - certainly many minutes,
sometimes for several miles behind a fast-moving vessel. It may be
presumed from this observation that some change which is introduced
into the water by the propeller must persist in a form which may be

detectable at even greater distances with suitably chosen instruments.

One conspicuous change which is associated with propeller action
is the introduction of large quantities of rotation, in the form of
"whorls"”, or cells of circulating fluid. Dissipation of the angular
momentum of these cells occurs almost entirely through viscous forces,
and in such a relatively non-viscous fluid as water, such cells may
be expected to persist for a rather long time. An instrument designed
to detect small amounts of rotation in the water might then offer the
possibility of a specific indicator of propeller action, even long after
the source has passed. Diffusion of the whorls to the surface might
reveal the presence of even a deeply-submerged submarine.

g[g@fpi]gqr 8BReREEx B




SECRET

We understand that some attention has been given to the defection
of this and other surface effects by both Canadian and U. S. investiga-
tors, end that the results seem promising, although some aspects of the
phenonema observed remaln obscure. These reports, together with the
puzzling observations referred to as Nider, Chloe and others, suggest
that we have much to learn about the mechanical properties of the ses.
Quite recently, the ONR have undertsken s major program in an effort
to identify the important areas for further work in this field. In
view of the lmportance of the subject and the expectation of rapid
advances as more effort is brought to bear, we recommend that ARPA
Keep abreast of these developmentis and be prepared to lend further

support to the program if required.

T. lLauritsen

J. Weyl
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C. PROJECTS AND APPLICATIONS

C-1. BALLOON ATTACKS AND OTHER NON-CONVENTIONAL WEAPONS

In various current studies the possibility of using fallout in a
retaliatory attack on Russia is considered. The fact that west-east
winds prevail is of great importance in this connecticn, but our know-
ledge of these winds, their seasonal shifts, local peculiarities, etc.,

is inadequate.

It is necessary to point out that the possibility, envisaged by
some, of using balloons, carrying nuclear weapons into Russia, encounters
great difficulties. For one thing, they would have to be released in
Western Europe and it may be difficult to accomplish this during wartime
there. They may drift into friendly territory, etc. But they may

offer some possibillities in a prolonged war.

It is quite different should Russia decide to use this method of
attack and combine it with other forms of attack. Such balloons,
carrying perhaps megaton weapons, could be released in Siberia, or by
submarines in the Pacific, reach the Jet-stream and drift over the
vhole of the U. S. and Canada. They could be fused so that they sense
cities (by means of infrared), or other objects. They would carry self-
destructive devices; e.g., so that they detonate at least over the
Atlantic Ocean should they have failed to go off over the U. S. Bslloons
traveling at, say, 60-80,000 feet, would play havoc with our local air
defense. They cannot be reached by fighters and are difficult to shoot
down by expensive missiles. Many of them would be decoys, but it would
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be impossible to distinguish decoys from the real thing. Even if the
balloon were shcot down, the weapon could easily be fused so that it
wouid explode at any rate, at any predetermined altitude, while falling

to the ground. It is s cheap weapon.

It is true that all this would obtain were we to use balloons
against Russia. Whet needs to be pointed cut, however, is that we
have here anoﬁhe; ~. . uce of the fact that many technological develop-
ments of the last years give o greater advantage to the Russians than
to ourselves, even if we should have initiated the development. It is
clear, for exaer;. L ihe density of our population settlements
makes the U. S. far more susceptible to felicut attecks than Russia
is. A POLARIS-type Russian submarine force is another case in point.
The miniaturization of nuclear weapons opens the way for the Russians
to use them in sabotage and other clandestine operations far more
effectively than we can ever do in regard to them. Clendestine operations

against SAC, for example, deserve the fullest study; the presently-taken

precautions against them can easily be nullified.

The purpose of this note is mainly to indicate that we should not
be exclusively concerned with the new features of future weapons systems.
We should also try to solve the probiems offered by the unconventional
uses of existing weapons. It must not be forgotten that some decisive
victories in past history, reaching far back into antiquity, were
gained precisely because some imaginative leader thought of & surprising
use of weapons which in no way differed from those of his enemy.
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A balloon attack on this country could, taken by itself, never be
decisive. This is obvious. But with proper timing, and in combination
with other forms of attack, it could produce enormous amcunts of con-
fusion, fear, and cause large demage. It is a particularly unplessant
weapon should the nuclear war tend to be prolonged. One recalls the
Jaranese balloon attacks which were only a nuisance; but much has
happened since, and the whole mat*er has taken on entirely new dimeasions.
For that reason, much thought should be given to the non-conventional

forms of warfare.

Recommendation:

Balloon attacks and other non-conventional forms of warfare should
be quickly and most thoroughly explored with all the aid science can
offefr’, through work-study groups ~omposed of able, imaginative people,

and through other effective means.

0. Morgenstern
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C-2. DEVELOPMENT OF BREEDER REACTORS

In response to various requests within the group, I note down
herewith, in short form, my views on the development of breeder
reactors in the U. S. _

a. There is not enough U‘23‘5 in the world to Jjustify our
enormous nuclear power progrem that would sustain the future world
economy by dburning U235 as a supplement to fossil fuels.

b. Utilization of resources demands that we learn how to burn

Falal®] 20
effectively all of the rew materials - namely U™~ and Th®>*.  Urenium
and thorium must be thought of as complementary fuels in the same

sense that coei and oil are complementary fuels.

c. The successful development of any breeder reactor to the
point vwhere it can be duplicated on a large scale for general use
is a long and exceedingly difficult technological job. It will be
necessery to expend substantial sums of money over many years to

accomplish this eim, no matter when the program starts.

d. In the context of the over all importance to the future of
the fuel problem (see Recommendation A-3), I do not believe we are
devoting enough emphasis to the development of breeder reactors.
Although some work has been continuing in this area, the nation's
reactor development program does not have as one of its principal goals
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the development of successful breeder systems based on both uranium and

thorium.

Recommendation:

The importence of nuclear reactors for the long-term future of the
fuel logistics problem (A-3) requires that a much greater effort be made

to develop breeders based on both uranium and thorium.

R. Charpie
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C-3. UNDERSEA BEACONS

During cur briefings considerable emphasis was given to the problems
of generating high-power acoustic sources for long-range propasgation and
ranging studies. + appeared that 2 valuztle contribution to these
general prcbleme might be made by the design of & high-power, unattended,

undersea acoustic beacon, whose output might be programmed.

To this end the following observations are made:

&. Of the possible energy sources which suggaest themselves, only
storage cells and thermal energy from fission products have been con-
sidered. bne cannot, at this time, select between them for lack of

detailed knowledge covering the storage cell situation.

b. General Dynamics has done some experiments on producing
acoustical energy in water with a sperk gap source. They have been
very successful according to information which has been received. It
should be pointed out that apparently similar experiments at Woods Hole

have pot been very successful.

3
¢. The U. S, is now producing enough Ce‘hh in the Henford and

3avennazh River plant wastec to power several hundred such beacons per
year according to preliminary calculations. The conceptual beacon
design which has been considered has a useful lifetime of ﬁhe order of

a few years. Other possible fission product sources unave not been
studied, slthough there are undoubtedly other satisfactory raw materials.
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4. Using Ce aE a heat source, and using the required number of

coprer-constantan thermocouple junctiors, it is readily possible to pro-
duce 2 beacon which can charge adequate capacitance in parallel and, on
command, switch the connections to series and discharge the stored

energy into a spark.

€. On the basis of the Generel Dynamics experiments mentioned above,
it appears possible to obtain the energy equivalent of 10-100 pounds of

TNT with a repetition rate of the order of one pulse per hour.

£. The beacons can and must be designed to be self-destroying under

cervain predetermined situations.

. Ossible Uses

In addition to the uses of such a sound source for survey and re-
scarch purposes, the following systems adaptetions suggest themselves:

a. A peace-time aid to surface and sub-surface navigations. For
exaaple, a submarine mey use the beacon for a secondary navigation sys-
tex, and for the calibration of other underses acoustical gear.

b. As a low capacity communication link between a deep-lying

77018 submarine and the continental U. S.
We advance these system applications only very tentatively.

Recent information communicated privately by Dr. Wiesner suggests
that it i¢ not 2 major problem to communicate to deep-lying subs from

the U. S. (Also see "BASSQON", Appendix C-5). The reverse link
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from sub +o U.S. s aprarently still an unsolved problem. It 1s noted
that there are in the Pacific and in certain areas in the Atlantic,
SCFAR channels, vy virtue of which & few pounds of TNT equivalent
energy can be heard for thousands of miles. Accordingly, we conceive
of en "I have heard you and will comply with instructions” signal being

the principal requirement.

It is suggested that the submarine might communicate with the
proposed beacon via a low intensity signal, and the triggered beacon
communicate with the shore via a high intensity signal which the sudb
21so hears; thus the sub knows that its acknowledgment of instructions

has been transmitted.

Recommendations for Further Studies:

a. in?estigate the aveilability and capacity for production of

Celhu. (ORYL has been requested to investigate this matter now.)

b. Investigate possible preliminary designs of a fission product-

powered sperx source. This is underway at ORNL.

¢. Investigate the utility of the underwster spark as an acoustic
source. The General Dynamics and Woods Hole studies could be extended

if a. and b. above suggest interest and feasibility.

d. Investigate the extent to which POLARIS locations can communi-
cate with the U.S. via SOFAR channels. Via Aubrey Price of the Navy,

Woods Hole Laboratory has been requested to make an exploratory
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investigetion of this matter. Preliminary reports indicate a favorable

situation.

It is a reletively simple matter, once a design can be established,
to build a battery-powered mockup of the proposed beacon and make some
tects in the ocean. This would be a straight-forward and short-tera

experiment for any of the established laboratories.

If these ideas appear valuable to DOD and seem feasible, it is

assumed that operztional use would be determined by appropriate agencies.

R. Charpie

G. P. Kruger
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C-4. NAUCRATES DUCTOR—

Potential Purposes of the Weapon System

To provide a marire ghield about U. S. continental shores, preventing
renetration by enemy submerines to locations for delivery of IREM's on

U. S. cities znd military installations.

To provide a long range anti-submarine screen for U. S. Naval

operations.
To sweep the oceans of all unfriendly submersibles and surface ships.
To attack unfriendly shore installsations from great distances.
To serve as a vehicle for charting ocean floors.

Vehicle

A very high-speed hydrojet torpedo, powered by a small nﬁclear
reactor. Speeds like 150 knots or greater are desired. The diameter
of the torpedo need not be restricted to the usual 21 inches, because
ejection from conventlonal submasrine torpedo tubes is not essential.
The nuclear reactor should be capable of operating for long periods of
time. For dual capability for both reconnaissance ahd attack modes, it
may be desirable to have gz capability of assembling the reactor into a

small nuclear explosion.

2/'Early thinking on this subject was given in a Sandia Corporation
Technical Memorandum SCT™M 285 58(51) (R. W. Shephard)
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cupporting Eguirment

a. A homing sopar with large diameter transducer operating at low
frequency, say 7 kc; capable of distinguishing submarines and other enemy

submersibles.

b. A sensing device, if needed, with high power to distinguish
submarines or other unfriendly submersibles from marine life and

possible decoys.

c. A computer (or control system) to:

(1) Execute homing and disengagement.

(2) Respond to "don't home on me"” coded signals from friendly
vessels and submarines.

(3) Msake fusing decisions for attack mode.

(4) Collect data and transmit messages for reconnaissance mode,
and to execute required navigation for performing such transmission.

(5) Execute navigation along predetermined sweep paths, or
target approach paths when used against shore installations.

(6) Respond to command control signals from control stations.

d. A navigation device to execute sweep paths or predetermined
c ourses, except when interrupted by homing operations, with capability

of resuming sweep when homing is disengaged.
€. Suitable transmitters and receivers.

f. Appropriate fusing and safing devices for attack mode.
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& A suitsble self-destruct device.

h. A generator, impelled by movement of the torpedo, and electricity

storage for needed electric power.

ggeration

The control of sweep paths and receipt of messages in the reconnais-

sance mode may be executed from shore bases or marine pickets, suitably
i~etted to provide a marine shield about U. S. continental shores or to
intercept exit from unfriendly shore installistions. Such locations may
be widely separatéd, because the reactor hydrojet may presumably operate

for long reriods of time without service or replacements.

Before actual outbreak of hostilities it is probably essential to
use the vehicle only in the reconnaissance mode. Here several alterna-

tives are apparently available. Two of these alternatives are:

&. vhen e submarine is detected and homed upon, NAUCRATES may
transmit a warning of the presence of the submarine and continue upon

its sweep path.

b. Or, the reconnaissance torpedo may continue to tail the

submarine with intermittent transmission of warning messages.

During periods of nigh risk, before hostilities, submarine

approaches to our shores for delivery of IREM's may be declared restricted

ocezn areas, and then the warhead option may be put into effect with U. S.
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submarines protected by “"don't home on me” signals. Shore-based and
marine-stationed missiles and airborne weapons may be used, alternately,

to make the attack.

Tne hazards of malfunction associated with the warhead option msy
be minimized by using the system in the reconnaissance modes during the
early stages of development and operation. But it msy be advisable,

eventually, to introduce the warhead option.

The reconnaissance vehicle may be integrated with long-range
listening operstions, if the latter are effectively available. Then
NAUCRATES may be sent over long distences from llstening stations to
suspected targets at speeds 5-10 times greater than other vessels or
submarines (excepting hydrofoil surface craft), with capabilities of
investigating potential submerged targets not available by aircraft
or surface ships. Airiifting to search area may be perfcrmed, if
needed. In either case, the search torpedo may be programmed or
command signaled to return to base, if search fails to yleld a target.
If a target is located, it may be attacked by the search weapon, air-

craft, or by shore-or marine-based missiles.

Random movement about predetermined mean sweep paths may he
efficient, and even unavoidable due to the existence of marine life
not distinguishable as false targets in the early stages of a homing
operation. If constant bearing navigation is used, the possible in-
creased dispersion of the search torpedoes at the end of the sweep path
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will have to be acccmmodated by some dispersal of pickets and use of
command signals. Inertisl navigation, preprogrammed, may possibly be
used, since the environment and response times required seem commen-
surate with existing or near future technology. Random movements may

be superposed on the inertial navigation during the search operation.

An employment of NAUCRATES in regular, defensive shield-like
reconnaissance sweep paths over long distances is probably desirsble,
but the exact patterns which may be most efficient need detailed study.
Intermittent high-speed cruising and low-speed listening may and, per-
haps, must be used to secure for the search torpedo a substantial radius
of detection. Sonar search presents new problems at high speeds, par-
ticularly if the vehicle is traveling essentially in a bubble:. If
extensive enemy submarine action is clearly indicated, large numbers
ot search torpedoes, preferably with warhead option, may be used to

sweep ocean approaches.

Naval task forces, including POLARIS-armed submarines, might obtain
long-range defense against attacking anti-submsrine submarines armed
with missiles, by deployment of NAUWCRATES in spiral search patterns,
end by sending ~hoa against possible targets identified by long-range
listening devices. In both cases it may be desirable to use the attack
option of the rer.-ne’lsance vehicle. Also, NAUCRATES may be deployed
to sweep mi-2 17 :id4s, i 7 :e i . vv1 sensing devices are adapted to
this kind o2 » rock.
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As 2 last thought: it may be possible to use such a reconnaissance
torpedo Lo chart the ocean floors, if sultably 'instrumented end suf-
ficiem 1y accurate inertial devices are avallable to determine the exact

location of sweep peths made.

Significant Parameters

A very rough calculation of system effectiveness will serve to
indicate significant parameters and provide a simplified basis for

Judging the worth of the system.

Consider a sweep between two points, A and B, separated by a dis-
tance 4, as indicated in Figure 1, end confine the calculation to a

plane configuration.

- 4 —ce-
Assume that the enemy submarine follows the strategy of crossing
the sweep path at right angles with uniform velocity VS. Let RS denote

the lock-on radius of the torpedo homing device; treat RS as & sure
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nusber (i.e., not as a random variable) and assume kill is made if the

submarine is caught within a distance RS of the sweep torpedo.

The subset of points on the line AB for location of the torpedo

where kill can be made is approximately the segment CC  where

2R
] v

CU’W-—S'T

and the torpedo and submarine are taken %0 be moving in the direction
indicated. This subset of points remains the same, if the direction of

detection is restricted to the forward semi-circle.

Then, if, at the time the submarine starts to cross the sweep path
‘at a distance RS from the path, the positions of the torpedo on iis
sweep path are equi-likely, the survival probability of the submarine

is approximately

2 R v
1 - _8 —_
T v
s

37 Exactly, to the segment CO must be added e line segment to the right
of 0, starting at O and cf length

/
- v
T T

a - 1- !
X = Ry ._;__v__'/ 7 i
N\ LS ] |

N . !: Appendix ||c||
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For N such crossings, teken independently, the over-all kill probability

PK epproximately satisfies:

. N
! 2 R v
(l-PK).'l- s - T .
a Vs

Solve this equation for N to get approximately:

log (1 - P)
H= K
: 2RV |
log 1 - s . T |
d v i
i S

If the torpedo can travel 5 times as fast as tlLe enemy submarine (i.e.,

v
VE— = 5}, RS = 5 nautical miles, 4 = 1500 nautical miles, and system
5
effectiveness is set at RK = 0.9, the required number of search torpedoes
is
N -] 10 0- 1 = l = 68
log (0.967 0.01L8

For a sweep distance of 3000 neutical miles the number required is
N = log (O.l) = 1l = 110.
log {0.98) 0.009
If the lock-on radius of the torpedo homing device can be increased to
10 nautical miles, or the torpedo can travel 10 times as fast as the

\'
submarine (i.e., RS or T are doubled), the number of torpedoes re-

S
quired for 1500 and 3000 nautical mile sweeps are 33 and 68 respectively.
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This simpie (very rough) calculation illustrates the significance and
approximate role of scme of the system parameters. Relative velccity of
torpedo and target submerine is important. The number of search tor-
pedoes required is almost inversely proportional to _v_?_; also, approxi-
mately inversely proportional to ;g_ . {Intuition sugggsts that system
effectiveness depends upon N, VT, Vs,d. and RS.) The foregoing calculation
serves to indicate the nature of this dependence and to give approximate

values c¢f N for various values of some of the obvious component perform-

ances and operational parameters.

The numbers 68/33 and 110/68, for numbers of torpedoes reguired to
kill 9 out of 10 attacking submarines, taken alone, do not provide com-
parative interpretations, except perhaps to indicate that an effective

defense seems possible, assuming, of course, that components cen be

designed to operate reliably with the performances presumed by the values
taken for RS, VT, and Vs. More will be said, later, about component

verformances and the related research and development problems.

However, more understanding of the potential of NAUCRATES can bYe
obtained by comparison with concelvable alternative defense systems

expressed in comparable siuple terms.

Suppose that the dzfense against submarines is to be obtained by
placing stationary, atomic mines along the sweep path, which have the
property that¥, if s submarine approsches within a distance RS to a mine,
the presence of the submarine is detected and distinguished from other
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objects, the mine is detonated and has a nuclear yleld sufficient to
destroy the submarine. Then for a kill probsbility of 0.9 and for RS
equal to 5 and 10 nautical miles, the approximate atomic yields required
for the mines are 1.2 MI and 5.5 MT respectively, while the yleld nceded
for NAUCRATES, if used in an attack mode, would be in the very low
kiloton range. The number of mines needed for defense lines of length

4 = 1500 and 4 = 3000 nautical miles are 135/68 and 270/136 respectively,
corresponding to an RS of 5/10 nautical miles. In these terms the search
torpedo compares very favorably. For the purely reconneissesnce mode,
this comparison may still be valid, and even more favorable, if the
positive detection radius of stationary posts is not greater than the
homing detection radius of the search torpedo - which is likely, because
the homing operation involves an integration of information. Also, fixed

posts may be more vulnerable to destruction.

Consider still another comparison, by supposing that submarines are
posted underwater in fixed positions on the defense line, and eqnipped
with a missile which can be fired out of the water along a ballistic air
path to an underwater target at remote distance (e.g., sub-roc). If
the effective target location range is RS nautical miles, giving the
larger defensive submarine vehicle the benefit of sufficiently accurate
target identification and location at the homing range of NAUWRATES, and,
perhaps, using larger warhead nuclear yields than thap ;gqu;rgd for the
search torpedo, the number of stationary picket submarines required for
2 kill probability of 0.9 is the same as that for the mines. Again,
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the nuclear-powered, hydrojet, search torpedo compares favorably, even if
the effective target location range of the defensive submarine is taken
as 2 Rs, because the greater speed cof the torpedo makes it potentlially

a better reconnaissance vehicle.

None of the foregcing comparisons adequately establish the system
effectiveness of NAUCRATES, but they do suggest that it is worthwhile
to underteke a detailed analysis of the system, by extending the con-
gideration of relevant parameters, defining hoth performence of com-
ponents and operational characteristics. Also, integration of the
weapon with friendly submarines deployed as defense centers should be
considered. Then the desirability, directions end extent of research
and development c¢n nuclear hydrojet, homing and sensing devices, com-

puters and navigation equipment can be evdluated.

Suggestions for Further System Study

The foregoing simple calculations were made for only one use of
the proposed weapon {i.e., sweep along & defensive line) on a highly-
idealized vesis, assuming that the probsbilities of survival across
each of the N paths were independent. A more realistic calculation
of system effectiveness isrdesirable, considering the various con-
testing strategies of submarine penetration and countermeasures,
patterns of sweep paths and relative locations of torpedces on the
paths, with proper accounting made of operational difficulties. Also,
it is essential that comparisons be made with existing and alternative

systems.
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For example, the enemy submarine may listen for the torpedo (undoubtedly
1t will be noilsy), decoy it to search away from its location, and proceed
to attempt penetration across the defended area, which may put additional
requirements upon the detection and sensing equipment of the torpedo - or,
it masy be necessary to deploy the search weapon from defensive submarines
or shore bhases equipped with long-range listening devices, and program

the torpedo to search 1n a specified srea.

The peacetime reconnaissance role of the system merits detailed study
end evaluaticn as to logistic complexity (for given effectiveness) in
comparison with other systems. Does the proposed system provide a basgis
for constant defensive readiness which cannot be provided by present and
proposed equipment, by seeking out and tracking submarines for long periods
of time? What is the velue of an extensive recomnaissance system, which

itgelf may furnish striking power to the defense?

i There will, undoubtedly, be interactions between the parameters
&escribed in the previous section. TFor example, range of detection may
decrease with torpedo velocity. Such interactions should be infroduced
into a study of contesting submarine and torpedo strategles, so that
evaluation may be made of the desired degree of increasing c.omponent
rerformences. What advantages are obtained from higher and higher

torpedo velocities?
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Suggestions for Research

Regardlegss of the merits of the proposed reconnaissance and anti-
submarine defense system, certain areas of research are indicated, which
seem vorthwhile on general grounds. -

a. Design of Nuclear Reactor Hydrojet Motor

Something liKe 15 megawatts of thermsl energy will be required
for speeds grester than 100 knots. It dppears that about 50 liters of
reactor volume will provide this power.

Considerable research on the design of the reactor power plant
appears to be desirable. For the use intended, shielding is not
essential. But high powers and long running times are needed. Studies
on corrosion of reactor elements are required, particularly at the high
running temperaturs vhich may be encountered. How can the salts of the
sea be kept from deposition on the reactor elements until emitted from
the Jet nozzle? Can sufficient power be obtained iﬁ & reasonable size
to drive the torpedo at 200 knots - the answer to this question appears
to be yes, but corroborating research is needed. In view of the tre-
mendous advances in reliable, compact, long-range propulsion systems,
emphasized by the recent dramatic NAUTILUS trip, it seems appropriate
to initiate work on an untracompact reactor of the type needed for

NAUCRATES DUCTOR.

b. Hydrodynamic Control
At speeds better than 100 knots, the degree of cavitation will
be such that the torpedo may be largely traveling in a bubble. what
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shezpes may be used to minimize the control problems? Can jets be used?
How are suitable control surfaces obtained? These questions suggest

extensive hydrodynamic studies for very fast traveling submerged bodies.

c¢. Flow Noise
At the speeds contemplated, the dominant noise appears to be
flow noise. Research on the flow nolse associated with very fast travel-
ing submerged shapes is needed. What are the characteristic levels and
freqnéncies? Also, since the torpedo may be almost a fully cavitating

body,. vhat are the noise characteristics associated with this cavitation?

4. Homing Mechanism
If sonar is contemplated for the homing device, which seems

likely, many problems arise. What vibrations are imparted to the trans-
ducer? Can it operate in the presence of the flow and cavitatlion noises
associated with very fast traveling torpedoes? Must there be frequent
short intervals of low-speed listening? Are the variations of flow and
cavitation noises sufficiently random to be integrated out of the returm
signals received by the homing sonar? What size of-transducer is needed
to give desired homing ranges? None of these problems appeér to be in-
surmoun£able, but extensive research is needed for their solution, end
these studies should ve closely integrated with those suggested in b.

and c. above.

e. Navigation
The response times required appear to fall within the current
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and near future state of the arts on inertial devices, particularly if

the speed of the torpedo is decreased during the homing cperation.

f. Computer

Considerable research is indicated for the computer control
system. The exact characteristics will depend upon the operations to
" be performed, and the possible functioning of this system has been
indicated above in the section on supporting equipment. The effects
of the radiation field of the reactor on the computer components need
to be studied.

In a1l of these research areas scme work has been done, with
the exception, perhaps, of the computer. But the research effort
appears to need considerable extension. The Ordnance Research lLabora-
tory and the Underwater Sound Laboratory of the Navy are doing research
on Fiow Noise and Homing Sonars. Areojet has done work on chemical
hydrojet for the Navy. But these efforts need considerable extension
to meet the performances proposed for NAUCRATES. Osak Ridge has done
conslderable work on small reactors, but not relafed to salt water
hydrojets. The writer is not aware of any research being done on the
computer or the hydrodynamic control problems of almost fully cavitating
bodies.

It is suggested that existing Naval contractors and facilities
be supported in extending their work to cover the research areas in-

dicated above. Osak Ridge may be asked tc do work on the reactor.
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Specific Recommendation:

The most advanced thinking at AEC national laboratories and elsewhere
on ultracompact reactors should be socught out by the appropriate agency
and used to make preliminary conceptual design studies of a 100-knot to
250-knot hydrojet torpedo, with a view to early initiation of further
appropriate supporting research end evaluation of a weapons system built

on such torpedoes, for an antisubmarine shield about the U. S. and for

other military purposes.

Ronald W. Shephard

Appendix '"C"
- 27 - IDA-ARPA S-1

SECRET




Dr.

Dr.

Dr.

Dr.

Dr.

Dr.

Dr.

D. PARTICIPATION IN PROJECT 137

D-1. MEMBERSHTF OF PRQJECT 137

Robert Charpie, Associate Director, Osk Ridge ilational Laboratory,
Ozk Ridge, Tennessee

N. Christorilos, Group Leader, Radiation Laboratory, University
of California, Livermore, Calif.

Val Fitch, Assistant Professor of Physics, Princeton University,

Princeton, New Jersey

Glen Fowler, Director of Reséarch, Sendia Corporation
_ Albugquerque, New Mexico

Paul Garabedian, Professor of Mathematics, Stanford University,
Stanford, California (kindly re-
leased for the time of this study
by the Office of Naval Research,
London Branch, with which he is
at present serving on leave from
Stanford)

Marvin Goldberger, Professor of Physics, Princeton University,
Princeton, New Jersey

. Robvert Jovr‘e, Associafe Director Central Research Department

Laberatcry, Experimental Station,
E I. du Pont de Nemours and Co.,
'n-’ilmingtc'm, Delaware

P. Gereld Kruger, Professor of Physics, Unlversity of Illinois,
Urbana, Illinois

Thomas Lauritsen, Professor of Physics, California Institute of
Technology, Pasadena, Califormis

. Carl S, Marvel, Professor of Chemiééry, University of Illinois,

Urbana, Illinois

. Nicholas Metropolis, Professor of Mathematics, Institute for

Computer Research, University of
Chicago, Chicago, Illinois

. Oskar Morgenstern, Professor of Economics, Princeton University,

Princeton, New Jersey
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Dr. Isidor Perlman, Professor of Chemistry, University of California,
Berkeley, Californie

Dr. Frederick Reines, Group Leader, Los Alamos Scientific Laboratory,
Los Alemos, New Mexico :

Dr. Roneld Shephanrd, Professor of Statistics, University of California,
Berkeley, California

Dr. Marvin Stern, Assistant to the Vice President, General Dynamics
Corp., 45 Park Avenue, New York, N.Y.

Dr. Samuel Trieman, Associate Professor of Physics, Princeton
University, Princeton, New Jersey

Dr. Frederick Wall, Professor of Chemistry end Dean of the Graduate
School, University of Illinois,
Urbeans, Illinois

Dr. Kenneth Watson, Professor of Physics, University of Californis,
Berkeley, California

Dr. John A. Wheeler, Professor of Physics, Princeton University,
Princeton, New Jersey

Dr. Eugene P. Wigner, Professor of Physics, Princeton University,
Princeton, New Jersey

Dr. Thomes Ypsilentis, Professor of Physics, University of California,
Berkeley, Californis

Participants from the Department of Defense
Dr. Richard Weiss, Acting Chief Scientist, U. S. Army
Dr. Joachim Weyl, Chief Scientist, Office of Naval Research
Col. Taylor Drysdale, Division of Advanced Planning, U. S. Air Force

Dr. Orr Reynolds, Office of the Assistant Secretary for Research
and Engineering
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BRIEFINGS

The following list is based upon the advance program plus minor
changes and therefore does not reflect all of the last minute changes
made in the program nor list all who participated, especially those
who helped by way of aspecial visits and providing speclal dats.

14 July

OPENING SESSION

Remexks by Mr. Roy Johnson, Director, ARPA; Maj. Gen. James McCormack,
IDA; Dr. Albert G. Hill, WSEG; and Prof. Jolm A. Wheeler, Princeton.

Key Defense Problems

RAdm J. T. Hayward, ACNO (R&D)

ANTISUBMARINE WARFARE

USK Operational Capabilities
in ASW

Task Force Alfa Operations
ASW R&D

Froposed Approach to ASW

15 July
ARPA Program
Problems of National Defense

Iss;ues Facing Army R&D

HOW CAN MASSIVE QUANTITIES OF

t

RAdm .. E. Weakley, ASW
neadiness

RAgm J. 5. Thach, Commander TFA
Cdr C. E. Bishop, ONR

Prof. F Y. Hunt, Harvard
(alsc VAdm #. G. Cooper,

VAdm F. T. Watkins, Dr.

Paul Siple Cept Richard
Holden)

Dr. Herbert York, ARPA
Dr. A. G. Hill, WSEG

Dr. Willism H. Martin, OSA R&D

FUEL BE PROVIDED FOR FIELD USE

Future Army Orgenization anid
Requirement

Superior Energy Sources

_139-

Lt. Col. W. K. Bennett, ODCS,
for Army

Col. €. W, Clark, Chief of ORD
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16 July

Mgjor Issues Facing Air Force - Mr. Richard Horner, SAFRD

R&D

Warning and Response . - Maj. Gen.-J. H. Walsh, USAF,
Asst. Chief of Staff for
Intelligence

BAILISTIC MISSILE AND ADVANCED PROBLEMS
Urgent Ballistic Missiles and - Col. Edward Hall, AF BM Div.

Advanced Problems

17 Julz

Air Defense in an Electronics - Cdr John G. Fisher, WSEG
Countermeasures Environment

Huclear Icebresgker - Dr. Allen Vine, Woods Hole Lab.

SUBMARINE COMMUNICATION

POLARIS Communication Problem - Capt. J. D. Veazey, SP Project
VA/SSK Communication and - Capt. R. C. Lynch, Cmdr.
Identification 5D Group 2

18 Suly ARMY COMBAT SURVEILLANCE AND COMMUNICATIONS

Army Communications and Target - Col. George Wertz, USACSA
Acquisition

Critical Requirements, World-wide - Mr. Clifford D. May, SIG
Communications '

Commmicetions i a dobile Army - Mr. H. Parmer

Application of Weural Processes - Dr. D. McK. Rioch, Walter Reed

to Communications
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21 July MEN TN BATTLE

Battlefield Surveillance and -
Other Urgent Problems

Experimental Development of -
Tactics and Doctrine

Combat Simulation, War Gaming

Human Factors -

22 J

Urgent Problems of Army Basic -

FIDENTIAL

Lt. Gen. Arthur G. Trudeau,
CRDUSA

Brig. Gen. Cibb,:CDEC

Dr. Phillip Lowry, ORO

Dr. Lynn E. Baker, OCRD

Dr. Ellis Johnson, ORO

Pesearch
NEW FORMS OF WARFARE

CW and BW Uses - Maj. Gen. W. M. Creasy, CWS
Psychochemical Agents and - Dr. Silver, CW Laboratories
Antidotes
Special Devices - Dr. Then Browming and Dr. David

C. Williems, Sandia Corporation
23 July DEFENSE

Hardening; Sustained Capa- -
bilities; Rcouperation

Urgent Unsolved Protlems of -
Civilian Defense

Is Research Adequate in Non-
Military Defense?

2h uly ARPA PROBLEMS
Space -
- 141 -

Dr. Herman Kahn, Rand Corp. (with
Dr. A. J. Clark, Dr. L. D. Berkcvitz
and Dr. H. Rowen)

Dr. Leuritsen Taylor, National
Academy of Sciences Committee on
Civilian Defense {with Dr. Richard
Park and Dr. Shea Kruegel)

Mr. Gerhardt Bleiken, NASCCD and
John Hancock Mutual Life Insurance
Company

Mr. David A. Young, ARPA
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Soclid Fuel Propellants - Dr. dchn F. Fine-:d
AICEM - Dr. K-chawd 1. nels

MINES AND PROPULSION

Problecans of Defensive Mine - Capt. .. G. Lathen, o =
Warfare

New Propulsion and Huwll - Cdr L. V. Mow:il ar * i
Concepte Frankenberyer, BuSt .-

M Juy WARNING AND DEFENSE
Dr. A. 3. Hill, WSCT:

The Early Warning Froblem -
Reconnaisnance nand Early - Dr. Dun:an E. M0
Varning Corp., vhm., Sec. @ o o
Speelal Effect - Wr. W, thrist 2o

Lebhoratery, Liveoen. .

Ronort fron Al' Woods lole Uroup - Prof. F. Seit- ', .

Signal Corps repir: -

Projeet lidver Ctyx .
Fort MHonmoutt

20 July

"Birg Dish" - Probloms and - RADM J. 9.
Poonibilities

Hi e -

[AE V1]
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